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PREFACE TO THE THIRD EDITION™

The third edition of the Standsrdis has hecn rewvi-od
on the bYasig of new knowledge which has been collected
through application of the first two editions to practice,

The construection of the Standards 1s now clearly di-
vided into definitions of standardized desilagns of throt~
tling devices and their standardized installations, and
guiding information which 1s to be considered wien ce
tiong from the standardized manufacture or tae gstanda
ized installation ocecur. Through this division the 3
plication of the standards in prnctice qnould be sinmpli-
fied and, at the same time, their range of use is extend-
ed to UhOue caces that are to be handled with low require-
ments for accuracy.

For the simple and convenient anvlication of the
Standards, new Data Sheets have been conmpiled, ziving
clearly the essential dingrams and equations., Eandling
of the Daftn Sheects assumes a knowledgo of the text of fhe

Standnrds.

In contrast with the second edition, tlhc third cfil-
tion contalans a series of charnges of bf"‘c si?nificrncn.
Reference to the 19512 gtandard nozulo nn on drannad,
since this form will hardly eover do ed iA the futuara,

Th’ discharge cecefFicient of the sterdard nozzle hnn
noe

been neowly investizatod for ratiocs of nrons m > 0,0 1
te m = 0,64, Thoge investizntions hove shown thet tho
digcharse coofficients fer m > 0.2 are lower than Jiveon

in the first ard sccond editions, and tiint the basiec tonl-
erance for m 1s to be increased for high values of n.
figure 2, Data Shect 1, shows the desisn of the standar
nozzle for m > 0,45, and Data Sheet 5 gives thoe new Lis—

o

charge cocfficients a together with additions ~nd tolon-

Hew investigations have also becen made on the standerd
orifice. Thuese have confirmed the discharsze coefficients

*This trenelation was made by Mr. Lyman M. Van der Prl 7or
the American Society of Mechanical Engincers with the por-
mission of the Verein deutscher Inzgenicure. Thn chandgos
and =2dditions made to create the Tourth edition sopenrcd
as a list at the end of the third editicn in the origiannl
copy of the translation. In this “echnical Meomorardum the
NACA hns incorporated the changes and additions in the
text and illustrations.
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of the second cdition. Howover, for high values of
the basic tolerance above the tolerance 1limit has beoeon i
creased toc 1 percent; see Data Shect 5. Tae idinmensicons oF
the stardnrd corifice have besn determined rore ascenraht ol
by suitable new »nrescriptions.

{

The bibliography liste, besides now punii
brsic significance, only these whleh have a.perroed ginco
the last edition ard waich have direct significa
Standards.

The revigionm of the third edition has Deen undorb .ion
by the Working Committee, consistinrg of Measars.

Dr.-Ing. II. Hangen, VDI, Gottinzen
Dipl.-Ing. C. Tonner. ¥vhI, Berlin
Dr.-Ing. #. Kretzschmer, VDI, Ddeseldcrf
Dipl.~Iny. G. Rupnel, VII, Zeriin
Dipl.-Ing. T. Springmann, VDI, 3erlin
Dr. Phil. R. Witte, VDI, Ludwijrhafon

Sincere thanks are due them. Specinl tlhrnae arve dne Dr.
Witte, who has ajain contributed the valuable bagice Tor
tone third edition. Other colladborantors are likewice to
be thanked Ffor their valuadle cooperaticn.

The intornaticnal standards of tae I.5.4. {interna-
tional Federation of National Stardardizing Arsociation}.
suzzosted by the I.E.0. (Intcrnaticnnl Flectrotechuicnl
Comminsion), adopted at the last meeting in Stocklolm,
Septomonr 1974, are based princinally on tae saae Germon
invoeiisations a8 those underlying the VDI Standards. Iy

thie woy, n~frecment of the VDI Standnrd with 211 ecsensinl
provisions of the I.S.4. Starndards i quurantqbd at tgo
start. Iai particular, the deeigns of the Guorman ctandnrd
nozzlo and tandard orifice and nlso the dxsohn"ﬁe coeffi-
cients are the sarme as those of the I.S.4. nozzle ond tho
I.S5.A. orifice.

Flow Meter Conmmititec of
the Vereirn deumtscher Inyeni

Copyrisht 19735 by the VDI - Verlag G.m.bd.I., Borlin FoWe 7.






III

PREFACE TO THE FOURTH ZIITION

to

In the fourth c¢diticn of the Standords, the oguations
and makoe-up used in the third cdition are csiertialliy un-
changed. From cxperience and on tae basis of now tects, a
few but quite invortant changes, as well s scoveral cor-
rections and additiong, have heen mado, Thesc are con=
coerned nrincipally with the dimension of the erliandrieal
part o' of the astandard orifice (sco section 18) cut t0
disrlacoment of the tolerance limit ia the dircetion of
higher Reynolds numbers., (Sce soction 49,)

A short section on the permancnt prescsurc loa.s ia
glven asain, as in the sccend edltion. Also tle zoctio:
on the conditions when wusing unonstondard preuvsure tovs
ls treated more fally as compared with the sccond edition,
in order 1o onable corrclatisn with forelan investizatione
which are frogquently conductoed with nonstsandard proersure
tavs.

flaw detor Goroditioe of

the Vorein dentacher Inzernicura

Jnane,

Shatlrman.

Copyrisnt 1937 v+ the VDI - Verlas Gu.mob,H,., Soriie, ®,7,
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A. STANDARDS
1 - vANGE OF VALIDITY OF TEE S¢A-Dux 'S

a) Purpose of the Standards

1. The measurement of flowiung mediums by tiae p“e“~ 7

loss + hey underso in nansing through throttling: deviene

(nozzlﬂs and ocrifices) is in many snd imvortant technic:l
caseg the only usatle metering process; in adﬁition,_iti}m
an Qccaratc and ersy method of gcneral ~molicability to |
any flowing liquid, %as, or vapor at any pressure or t.om-
perature - with the limitations given in varagranhs 3 to 17,

?. The metering process consists in using 2s 2 measc—
ure-of the discharge the chanzge in nrescsurs encryy of o
-fluid 7lowing in 2 pipe of variable crogr-anecctional arca.
Theé energy law {Bcornoulli) Turnishes us with an uneguivo=,
cal relation between the‘enp rgy of preesurc and the enoryy
of flow. In order to use it. a reduction in area is’ Hro-.
vided in a pive line by installing a throttliang device; a
conversion of oart of the pressure enersy *o en rgdy ov ‘
flow 14 produced by forcing the fiuld to flow thrcmia ithis
reduced cross sectioa.

%, The following standards <ive the tyndwrdiz d 1”or"l*
for two tnrottling devices, standard nozzles and standnrd .
orifices, and eonadle them to be used in circular plves
without calibration. The definitions of the standards are
applicadle in princivle taq the calibration and ure of non-
standardized throttling devices, such as the venturi tube
The standarde are valid, likewise, ng a basie for disc hwrfﬂ
measurements in the German acceptance standards.?

”Qe eln fuer die Durchflussmessunsg mit genormten Duesen

und Blendenm" VDI-Verlag G.m.b,H., Berlin,' k.W., 7, 1937,
1 -
See the standards for acceptance tests of st eam turbines,

steam bollers, compressors, intcecrnal combustion engines,
ete., mublished by the VDI-Verlasg, 3erlin.

Tyanslator's note.- The ‘American Soeiecty of Mechanical Enji-
neers gsecured permiscion from the Verocin deuntscher Inge-
nieurc for the translation of these standards, on tho con-
dition that no translations were to be sold. '
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Further, they serve as zuides for meacirercn®a in wiicrh
high accuracy is not reguired and for those ssrvics mens-
urements in which standard devices are used, thougn not in
accordance with the standard requirements.,

4. For the standard nozzle and the =teo: ce,
the standards give the design and installati: ha vrds
and the discharge coefficients, which arc cudbatituted in
the theorectical flow cquations to determine *he truc dic-
charge or flow (discharge per unit time) from the moseur-a

pressure loss - the differentiszl pressure . The corres oni-
ing tolerances - also called the variance Lebween mon oe o m
ments - refer not to the whole measurement hnt cnly to tuvo
discharge coerficients. They indicate the limits of our
present Inowledge of flow processes =nd, in conducting
practical measurements, muct be increasnod by on anount o~
pendent on the inaccuracy of neasuring the differentisnl
prossure and the density.

S5+ A completo neasuring arranfgement consisgts of the
throttling device (nozzle or orifice) installed in o rioc
line, a differential pressure neter (diceinria mancmetar)?,
and a means of conducting the nressure from the throttling
device to the diffe rential Prassure rotO“ Te this may be
added, if necessary, the auxiliary arranceneants for meai-
uring the density cr the valurs of the con 1tlons temnor-
ature and pressure, from which the denesity under i
conditions may he obtained with tae ald of the unoual laws,

14y -

8. The toteol tolerance of the disehn rge measurement
varies with the tyne of throttling device - ud differential

sty

brecsure meter as well ag with tha tyzwe of annliention. 4
total tolorance ms be dotormlpod only if tho individual
tolerance for the discharge CoefflClbut, the differentinl
pressure measurement, and the density arc vnown. This is
calculqtod as the "average orror” in acecrdnnce with the law
for combining err cre, by taking the cquare root of the sun
of the squares of the individual tclerarcos (reforcneo 187,

If the individual tolerances (
) to

*ﬂo“Oﬁunnt f one on-
are Xy, Xg, X3 ..., taa 8

i 0
other tal tcler-nce i

X:*/X12+Xaa+1c33+...

% - e

This may be an indicating or recording fevice. I7 necoo-
sary, it may opernte an electric tolemetor or o supnlemontary
DD&P 2tus for computing the totnal amount, integrating the
d1 scharge aqdlnst time.
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In this, the individunl tolerances are to te irn nercent
(see Data Sheet 5) and it rev be noted thnt tolerances for
values under the square root in the dicchorsge equatéqn
should be halwed.

An example of steam and corndencate nezsurement in ftur-
bine acceptance tests is ziven in soction € VI.

7. The standards not only discuss tke stand-rdi
throttling devices, but alco bring out detrils t
sure pviping and present a survey of the commer
entlal pnressure meters. To set standards and
1ts for these is not possible with the progent active de-
velopmeat of metering avparatus.

b) Requircments of the Substance tc Bo Mensured

8. Discharge measurements may be undertaken only if
the density of the flowing substance is known accurately
under the conditions unstream from the throttling device,
since this always enters the measurement result. On the
other hand, it is generally sufficient to kunow the viscos-
ity approximately in order to calculate an anproxinmate
value for the Reynolds number For the discharie belng
measured. ' .

9. In order to use the standards, the material tc be
measured must be in a pure phase when it flows through th
throttling device, To fulfill thig recguirement, Tor ex-
anple, liguids may contain gases or gcolids oanly in the dis-
solved form, and no separation of gas or vapor should take
place. There should be no undissclved substances such as
mud,.

10. This requirement has varticular siznificance in
the measurement of nearly saturated sSases and veporas, and
of liquids near the bvoiling woint. It is necesanry, in
cases of doudbt, to be certain that steam rem-~ing zuncr-
heated ~nd does not condense when uﬁQCTsO’W‘ the chansge of
pressure in the throttling device.

11. The standards apprly also for colloidanl solutions
if the degree of disversion and the rhysical nature are
such that the sclution is only slizhtly different from a
fluid of a single phase (cuch as milk). There has beena no
expverience with thick disverse colutions,
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¢) Requirements of the Flow

12, The flowing materinl must completely f£ill the
cross=sectional area of the metering arrangement.

12, The discharge equations (see Datn Sheet 3) apnly

only for stationary flow. Consequently, the Tlow in di
charge meas surements with throttling devices should me a
least quasi-stationary; that is, the velocity should ch
only slowly with time at a given »lace. Iz particular,

Qo
t

a2n&e

there should be no pulsations in the flow ag formed, for
instance, by a reciprocating piston ensine. Ver= Tit*le

investizationzl work has been dono to determine the rnet.

-

-

ing error due to nonstationary flow; this error, therefore,

cannot be corrected.

IT - DESCRIPTION OF THE STANDARD XOZILLE AND

3
i
td

STAITDARD ORIrI

a) The German 1970 Standnrd Nozzle

14, The German 1930 Standard Jozzle was first knovw

as the "I.G, Nozzle." ¥Figure 1 of Dota Sheat 1 shows t

tandard requirements for the outlines® of the standard
nozyle and for the ilength and width of the pressare-tap
openings, which may be single drilled holes or annular

n
e

channels connected to the interior of the nive by slits or

by openings distrivuted around the clrcunfercnce. {(See
also fizs., 5§ .to 12, Data Sheot 1.)

tere 2 50 nm, Tes*s have beon conducted witid pive ﬁi*w

ne standard noez-le is avplicadle to All vpipe "di m-

—

eters between 50 and 500 mm and with ratios of areca nd

between 0,08 arnd N,.64.

With m > 2,48 the profile of thd nornle in te Do
turned out, as shown in figure 2, Data Shret 1, until
diameter 1s equal to the pive diameter D. At that pol
the upstream face of the norzle is turned flat.

N .
suen woy

The downstream face is to be shaped in N
isturbed.

that the downstream prebsuré tap 1s not &

the

nt

These corresnond essentially to the standerd Torms in

fig. 3 of the second edition.

4 “ L] ] .
m = %g| d = nozzle dlameter, D = nine dlanmeter.
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The arcs with the radii r = 4/3 and r = 0.7 are

tangential to the cylindrical part of the noszzle and to

the upstream face of the nozzle, respectively. Under

these conditions and with the given principal dimencions,
the middle point of the arcs defining the sacznle nrofile

i¢ located. The two arcs join practically without a breals,

The small turned-out part (protective rim at the dis-

charge of the nozzle) serves to protect tihe disecrarge odje

and consequently may be cmitted if no damage 15 to Do
feared.

15, The nozzle diamcter @& must de gnged with on accu-
racy of *0.201 4. The cylindrical part of the nczsle shovld
be turned with special care; gubsequent nolishling or hand
is to be avoided since the discharge coefriciont ia changed
consideradbly if the cylindrical nart exvnnds only alightlx
conically toward the discharge end or 1s wavy. A 2liaht
conical reducticn exerts a legsscr offect.

The nozzle vrofile must be teszted with templatoes.
However, the radii of curvature mnv dicfer Trow the theo-
rotical by as much as 10 percent for m < 2.3 nad by oas
much as % percent for 2.2 < m < 0.5, Howevoer, thors
should bhe no break in the vrofile.

The asurface of the nozzle should be wmooth. Tue
smaller the ncozzle, the mere carcfully must it o nadoe.

-~

b) The German 1930 Standard Orif

e
O
<

16. The German 1920 Standard Orifice (fig. 7 of Data
Sheet 1) isa similar to the VDI standard orifice vroposed

Trazsure
h anaular

may be obtaincd cither with single tabps or w
passagos. (See figae. 5 to 13, Data Shoet 1.)

in 1¢12. s with %he nogzzle, the dirforentia
1

The gtandard noz=zle may be usecd with nll oine dismoe-
tere 2 O

4

i
2 50 mm. Teste have been made with pipe diam~ters of

from 50 to 1000 mm oand with ratice of arean m of fron
0.75 to 0.7.8

Conmared with the standard ~ornm in
editiocn, the limi“ing direnasion ofrthe cylindri
< .
part o' (T 0,02 D) is chanzed.

b

=]
_For rensurenents with n > 9.7, soc¢ reference Ty
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17. The production of the reectanzular odze on the wn-
gtream side of the orifice opening of diareter 4 - desig-
nated by arrows in figure 4, Data Sheet 1 = f ects the
dischar3e coefficient. If d < 150 ©vm, » surfie ciently
sharp e¢dge may be obdtained with certainty 17 o final hair-

-
o+

22 "ﬁ "‘: 2]

fine cut is tnken off the upstream faceo, working outward
from the orifice; if tho upstrecam surface ia turned firat
and then the orifice, the edge will not he aosolut 3ly

sharp. The larger the orifice diameter, the mere allowa-
ble is 2 breaking of the upstrean cdge, visible to the nnled

eycs With an orifice diamcter of 4 2 1830 rrm, it ig theroa
fore permissible te break the cdgo with emery vaver.

At
O

An edge rust be considerecd as non~sharp, wvhether dun
Poor workrnanship or to use in service, if the aesuanntions
nentioned are not fulfilled - thus, if with 4 < 157 rn  »
ray or llght falling on the edje is distinctly noticeable
isually, or if with 4 > 150 mnn, the c¢dge iz distinctly
broken. For such non-s harp edveu. the discharge coeffi-
cient must be increased (Data Sheet &, Fig. P4%), and in-
creaces 1n the tolerance (Data Sheot 5, fis. _Jf) rust bo
made if there is any doudbt of the warfoectien ~7 thoe o83z
sharpnaoss,

The upstrean face should bo smooth, ot lenst near the
npstreanm cdge of the orifice.

18. The orifice diameter 45 to be moneurnd with n tol-
arance of *0,001 4.

The »late thickness should be ecunl o or lecags than
0.1D and the length of the evlindrical upstreanm vart cheould
be equal to or less than 0O 02D, The downaotroan bevel s
be greater than 200 (ug ually 45°), 4in ovder to avoid a
sucking-back of the jet to the ripe wall,

IT the plate tnicknegs o 7.,02D, the beval on tho

downstream of the orifice mayr be elinminated, i.¢,, the eyl-
indrical length ¢! of the orifice mar be ogurl to 8, ?
In practice, this occurs when uging large pine sizoe,

174N

7In the Tirest and second editionn, ! T 7,710 waes givo
as 2 llmiting dimension., In the third cdit tion, this valuce
was raised to € 0,04D in order to uOhjl} W1Ln rmany wighces
of Industry. YNew tost results (roforence 14a) indicnt.
that, with this value, the discharze cov?rincien e
ciabdly changed. Consequently the wvoluc was rcéduced to
s? <€ 0,02D,

3
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c¢) Common Construction Detonils

19, Figures 1 to 3 of Data Sheet 1 give no construc-
tion details; thev show only the details Tor the surfaces
lying in the flow space and for the type of oressure tan.
With annular chamber precssure taps, the opening of the an-
nular slit should be small compared with the area of the
chamber so that an equalization of prezsurc may take vlnace,
The answer to the question as to whether the annular ahnu-
bers or the single taps are to be preferrcd, devends on
the installation conditions. (Sce gection III.)

22, With single pressure tavs, condensates and the
force of capillarity may falsify the measurement if trao di-
ameter of the tap is too small; for example, in measuring
steam with overflow chambers for the condensate, the tanc
must be at least 8 mm in diameter if the uvpor chambers of
figure XIX are used, though ther may be smaller - about 4
mm - 1if the condensate nots oa the side are uscd.  As a
result of this requirement and that in fFigure 1, Data Shoet
l - that the width of the pressure tap = 0,030 - only anau-
lar chambers are avplicadle rTor stardardized steam mensuro-
ment in »nives of small dismeser.

With aunular chambers, the pressure tap slit srkould be
as narrow as possible in order to equalize the pressure
satisfactorily. (Yote, however, the effect of surfnce

(=]
»

tension if the slot is too NATTOW, )

71, In making the throttling devices, they mnay
split up into parts, as shown in figures © to 13 of Datn
Sheet 1, in order to facilitate manufacture, ianterchango-
ablility, ete. The naterials of the throttliug devices =ust
be so chosen that thev will not wear ravialy. Particular-
1y with orifices, care should be taken when eshinniag and
installing that the sharp upstream edge is not damaged.
Lirewise, with nomzles the discharge ~dge should not oo
damased. (See what is said about the orotective rim ia
paragraph 14,)

22, Thec mounting rings wvhich hold the orifiace mlate
or the nozzle must have rounded corners on the noetrean
side (figs. & to 13, Data Sheet 1) and their incide diamo=
ters should not be smaller thnn the nine dinneter. It is
vermiceible, however., to mnake the nounting ring & vercent
larger than the pipe diameter with standard orificcs and O
percent larder with standard noszles, ~g long o8 thoe axicl

.

—+
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distance of the ring from the Tront of the platoe or
doecs not excced 0.,1D. The ratio of rnrens m 1s no
roferred to the nominal diameter dut alwnyrys to the
measuraed pipe diamcter on the upstream cide.

23, For pipes of large dinanreter, the varrow no
orifice of figure 6, Data Sheet 1, is ordinmr;ly us
cause it may be installed more casily anc bogance of
weigzht considerations. The arrangement of figure 7
substituted for the annular chambers; in ihis case
prezsure tap opon1uP must Te gsmall comprred to tho

sectional area of the equalizing line,

For v»in of small diameter it is TCPO"NP‘OPd
the deti1e of fizures 14 or 18, Dats Shect L, (ref
9), be used in nipe lines of which the characterist
(roughness, roundnoss, diameter. ete.) ~re not know
curately,

ITI - REQUIREMEKTS FOR STA¥DARD IINSTALLATIONS
c n

24, The applicatrility of the tol
dischargde coefficients assumes that ¢
is instelled very carefully. If this
tering errcrs consideradly in execosg of tho 4o

ocecur. At present there is no rolladle nowloedse )

these errors mny be estimated or even correctod rat
ically. However, some tegts indicate that the mete
error ususlly does not become larijer, as Irequently
sumed, dut smaller as the veloeity of the subdstence
metered increases., In all cases, nensarervents with
ratios of arecas are intrinsically nore aenvitive to
irresularitiecs in 1astallxt10n thna meanparendsats wi
ratics of arceany, which 1s reflocted in the wolornnc:
(See Data Sheot 2 ~ud refercnce 24.)

The following instructions are to bhe cbaaerved
tolerances of the dischurge coerffieicnts »nra not %o
cendeds In the prlans for the nipe linen suificient]
straisht pipe lensgths nmust oo rovided.

25, The faultlecsly made throtitliag device is
installed between two flanges of thwe pinc line, Fn
diametars below 77 mm it is recomnondeod that the ar
ments of figures 14 and 15 on Deta Sheo® 1 heo utei.
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O

In measuring gas and steanm, care should be talten fhant

water collecting upstream and downstrecom from the fhrot-
tling device be removed by a separator. There chould be
neither Zaskets nor rough welded seams upstroan from the
throttling device. Therefore gaskets should %mo cut sne-
cially large - eay adout 1.1 D - to make ceritrin that

therc is no projection at the mounting ring. (Secc Tig. 5,

Data Shoot 1.)

The throttling device is to be mccurately centored in

the pive. For this requirement, it is jernerally sstisfaec-
tory 1f the outside diameter of the mounting rings is e-n
to the flange bolt circle diameter minus the bolt nole ii

ameter.

26, When gas containing dust, fozg, or tar is to To
measured continuously, it is necessary %o maike certaein
that the edge stays sharp and dces not hecome dirtr. In

such caseg 1t is recommended that the orifice ve »providad

s e . . 8
with a spray device and an ovservation arr:ingcment  , an-
proximotely as in figure I. Such =n arrangcment allows

tne condition of the edze to be obeserved and fto be spraye

. . 9
from time to time as occesion demaands.

27, The true pipe diameter is to de measured accu-

rately for large ratios of areas, since it frequently var-

ies from the nominal diameter. The pios chonld be crlin-
drical upstream fror tiae throttling device., The greotast

change of the vipe diameter in a length cof 22 shead of fhe
3 Al

orifice - in censequence of norcircularity, conicnl cxnan-
slon, e.2., as when flanges are rolled on to The nine,

etc. - should bYe within 10.5 nercent for ratios of nrong
m > 0,3 and within *2 percert for m < 0.%,

-

9
The efZect of pij
)

may be *aken from vwarasgraphs <%, 57, 81, and bdE, The rela-
tive roughnesns, i.e., the ratio of the nvern e hoight of

P -
te
rer
st
-

the rouszhness to the pine diameter, i1g determi

8

Teets with two nioples 2,20 D in dieneter wel

23. The vpipe line should Ye smaoth or service-roush,
pe roughneoss on the diacherze coefficieant

tivae. Por

3
ripe at 2o distance 0,5 D upstream from theo orifice vchowed

thnt they have no effect on the diccharise coorficlent, «
up to m § 0.7. :

o I, G, Foarberniadue

ct

9 2 s T .
Accordaing to unnublisihed tosts ot

.
)

ded into tho

triec A,-G. with water gas and vower ang ceontaining ovnvron-

imately 12 m3 of dust per cudblec meter, the value of
increased by severnl vercent in a few dayrs,
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this reason vipes of the same adaolute rovi hnass mav he
considercd more nearly smooth as the dianrter increnses,
Quantitative rouzghness mny only be estinatad. 5 o Zuidn,
a new cast-iron internally tarred pive mm I.,D, ma
be considecred smooth. A service-roush

O
e H, T
o

-t
e

o e e under-
stood to be a cnst-iron pipe which has rasi-~d internnslly
through long use, but which aas rno taiek rcnoristation on
thae surface. When measuring Ins and stewn in vertiesl
pipes, the pressure taps nust be made vors earafrlly
caunse of the possibllity of collecting wanter.

29, The plpe line upstrean apd dowantrean frorm thw:
throttling device funstream section, downstream section
must be rectilinear and of constant diancter. The npastreonr

ection nust be =0 long that all disturbarces have Jicd
away at the throttling dewice, the downstrean rcection o
long that a disturdbance at its ernd cannot vork back toc tao
throttling dev1ce. Data Sheet 2 jives for different, fro-
guently cncourntoered installations, the mininun necessary
disturbance~free straight lengths of pine, neasured in piloe
dianeters D (upstream scection %, dewnutoonm cection A).

If orly holf the %iven lengths of vipe 2re ~72ilable, . it
nay be assumed as o guide that, for m % 0.5, the addi-
tional error will be approximately 2.5 wercent. For noge
zles with m > 0.5, no data can oo <iv-en.

32, The necessary straight lenzths of pincee umastreanm
and downstream fron the throttvling device are, in "ererzl,
shorter the sraller the ratio of areas. Conncvguentliy, in
many cases where n sufficiently long miraight leongith cf
pive is not nvailable, the choica of n ens.lor ratioc of
arcas will be o help, incofnr as the roomlt-nt ineroase in
differeutial pressure will allow.

4

™1
.

1. It iz not vermissible to install = throttlinzg do-
vice close downstream from an expnndiag tronered piece, With
orifices, a straish® section of nive of censtant dirmeser
nust be between such a niece and She orifice, of ~ lensth

increasing with increaging rntio oY areas of *hae orificH
and with increasing expansion 1n %he tanorel nlece. A a
suide will serve the fact that with orifices =rd an GX DL -

eion to twice the pipe diameter, n straisht mpsbream soc-
tion of at least 10 D for m < 0.2 2nd at lo
m = 0,25 to 2.50 must be used. With tacursi
upstream sections, very consideradle moteri
result. (See iz, %4, Data Sheat =.)
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An installation downstream from a2 tavered reducer 1s
less unsatisfactory., In thig case also the errer becomes
greater as the ratio of arcas incereases ard ns the amount
of reduction increases. Therefore, the greator the ratio
of areas m, the longer the straight length of pipe of
constant diameter necessary between the threttling :devizeo
and the roducer. As an example, this distance should be
at least 15 D when wm = 0,3,

Sudden reductions in pive clze (without ~ taperved
plece) give greater errors, tending to reduce the dischorie
coefficient (reference 9).

32. Space elbows (double eldbows in two or more nlance
verpendicular to each other) cause large errors, sincc
through them the flow acguires a twisting which 1s disel-
rated very slowly,

2%, Straightening vones (for making the lines of flow
parallel to the walls of the pipe) are expcdient only if
there ig a twist in the flow. To be erfective, thry must
be from 1 to 2 D long. Dewnstrecam from nsingls elbows, 2
straightening vane 1s usually harmfunl. The distance fronm
the straightening vane to the throttling device should de
so great that the disturbance produced by tae qt;ai%hten—
ing vane 1¢ diseipated in it. This distance will vary
with the ratlo of nreas and the design of the strai«hten-
ing vane ard will omount to 5 D for smnall valvues of m
and as much as 20 D for high values of n.

34, Very large errors are caused by nartislly open
valves., Tadle 1 on Deta Sheet 2 shows the noecassary
straight disturbance-*rec length or mipe as a Tunction of
the opening of the valve.'® Vulves installed downstrean
from the throttling device disturd the Tlow less; accord-
ingly, when vossidle, they are installed downstream from
thr throttling device.

%5, The digsturbances have less effect whern using an-
nular chambersg than when usins gingle taps, Althousgh
there are no tests on the subject, 1t mar bo acsumed taat
an ann-ilar chamber is more effective as the chamber volure
increases and ag the glit connecting it to the pipe becomes
narrower,

36, Only if 2ll the stinulationg in this sectlicn are
fulfilled, should an incstallation be termed standardized.

1<)According to unpublished work of the Ovpau Torks Control
of the I. G. Parbenindustrie A.-G.
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IV - WORKING FORUUILAS
(See zlso Dota Sreat 2

37. In part B, section I, the Zener:l fischarge. equn-
tion is derived =nd nut intec the fTor

- Cpn ! (x
G = o ¢ F, J/Eg Yl (P1 - P8> {ng/ oo (1)

1

C =G/Y (n®/sec) _ | : (In)

measured under the conditions unstream from the throttlins
. - L. ~ . N o, s 2 LR
device. In thiese formulas Yy ds tue dennity in xog/rm3

; : s o . T . ;
P, - P is the differential pressure in z5,/m?, and o and
€ are emdirical values which are to be Irom »nrt V.
(Sce also Data Sheote 5 and 2. ) F, o oiz cf tre
freo opening of the throttlinzg dovice erature
of measurcment in squars metors. Sce ix.}

28. The digchnrge coefficient o % bnoe tne following
factors into considerntion. (See Aalsg = ~%igna 78=30.)

L. The velocity of asnreach unc*rearn Tron the or-—
ifice.

2. The friction of the Tlowing matorianl upstrann
Trom anxd in the throtilin: drvine.

2o With orifices, the contrncticn dowrstronnm fran

the throttling device

4o The prossure taps in tao corncrs upsirean and
downstrean from the throttling devico; those

nre~tsurcs are not ’Ylptl“ ngual to the thog-
retical pressures upstrean and dowastrean
from the throttling dovico.

A9. The expansion factor € “akes
irregular behavicr of zoses and vapors 3
that of mracticelly incompressible fluids
with Fnses and vancrs the deagity chonse
with thermodyaamic relationg in filowing throush falh
tling device; € increnses in e7fcet -5 *tho difTorentin
dressure incerenseg vith resnoect to the ahaolute v
ahead of the throttling device {in the plane of DTS gy
top; see raragraph $5),

40, On the »-zig o tests, it moar He sssumed thot the
dinmeter of the ovening of the throttling device chan<
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with the linenr temperature coeificient orf expursion; 7Tii-
ure 17 on Dt Sheet 7% zives the inerense in area with
temperature for the nmost importent materinie, if 4 is.
measured at 20° C. If the throttling device ~ad the nipo
are of different materials, the ratio ¢f ~arens n ng
with temverature since d and D are calnnlated =
fercnt correction factors.

41. On Data Sheet 3 are collected the formulas For .
practical use. In these the diameter in rillincters ie
used instead of the sarea, and the dlscharge is rcfrnrad "o
hours instead of ceconds, in accordance with * :
tom, The other wvalucs are to be substituted i
moters, kXilograms, and seconds. After carrying out the
continnally rccurring auxiliary calculation

~6 T7
2600 % 10 - [28 = 0,N12Z22
4
gpeclial formualas are zivon for liguide =steenm, dry ocand wot
~ " s 1 . Y A
Zases. These formulas are workced with fthe densit; {h'
of the maonometer sealing fluid and cenzider fthe fact tant

3 N
the density of the flowing substance over the ~ealing fluld
and in the connecting lines mny be quits 3
der the conditions upstroam from the throt

42, See sectlion A VI concerning the measurcmeat cf the
differential presgurc P, - P, and the deterniuetion of

the characteristics of the substances.

4%, When calculating the dlameter of throfttliang de-
vices Tor givsn measurement conditione and given di“reron-~
- o

tial pressure, it is simnlest to vse flgures 19 and 20 of
Data Shoet 4,

Substituting a® = m D% in the discuargae equations
and making some reoductions, the result iz the fernalas

e .

m o = —= with ¢ in mVar oy
3 Yy, !~ D in mu v
7.01262 ¢ D2 N//h -
1
m a = ¢ —rmemee—e with G in g/ar £
g in nm N

0.01252 ¢ D2 [n(vy t-v )Y, D



~

14 TACA Technicel Memorandum N,. 052

For gases and vavors an estimated value of the cxpansion
factor € 1is to be substituted firut rnd witlh thic on an-
proximate value of m a is to be calcula*ed.

With this value of m a, the discanrge coerficient

o is read off on the figure already men%tioned, and m i
calculated., If o 1lies above the tolarsnce -1mit and no
aidition For the pive rouwshness ie neceranry, the wvalue i
final., If not, an anproximation calcul=z-ion must oo radn.
(S2e examnle 1.) TFor incompressgible T1luids o
For gasce and vapors, the exnct wvalue for ¢ is fi
be taken from filgures 25 to 28, Data Sheot &, » .
calculation is repceated, as many times as necowsary. Ia
this coauncction, ses also the cxamnles iu sectiorn A TII.

Figure IT gives the equivaleont ratios of Lreans m
for nozzles nnd orifices which have the sname differential
Pressure Tor the same dischargo

V - THE VALUZES AUD TCLIRAUCES (F

TAY DISCHARGZ CCErTICIENTS AUD CCuZRICIIONS

o
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2
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44, For standard models sand standard ins*allations,
tha discharge coe"lcioqtﬂ and correcctions with tarir ro-
spective tolerances are ziven on Dnta Sheot 5. Those tol-
er~nces refer only to the discharge coe”Ticieonts and tae
corrections.

5. The dischnrge coefficionts o For the 19730 German
Standard FNozzle are reproduced on a semilogarithmie chart
shown in Figure III ag functisng of the iernolds number

ReD (tolersrnce linit) {(see tad T discharse ccoili-
cients are constant. These dis
shown in figure 21, Data Sheoot
of arens 1,

:3*5

arge coet7icients are
718 a ~“unotion or the ratio

('j](') —

45. Avove tho tolerance lirit, the 7:lucs of the 4% ra
chiarge coefficients are valid with the hasic tolerancs
{see references 21 ta 24 2iven in figure 7723, Dot Shonot
53 this tolerance increaces from 0.5 o 1.7 nerecent with io-
reasing valucs of m. 3elow the tolercuce 1imis the Hacic

ea LR
lerance anounts %o 1,5 porcent.

o 0
o]
H
ia
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TABLE I. Liniting Values cf Rejp

e o k4 et ot e =t ot i S o et o B et st o i o,

Ratlo of areas Limiting values of the Layrolds number

n - _—— e et e

- __Orifice Nomzle _
0.05 20,000 7,000
.1 30,000 , 73,000
.2 50,000 91,000
3 80,000 110,000
o4 125,000 170,000
+5 170,000 190,000
.6 225,000 200,000
.65 260,000 200,000

7 300,000 -

47, With small ratios of arcas m for standard non-
zles, no noticeadle effect of pive roughness is observed
as long as the pipes are only normally rcvuzh. For m 2 0.3
the roughness becomes evident through an increase in the
digscharge coefficient. Figure 23a gives, as a Tunction of
m, the correctlion factors for service-rcugh pipers of dif=-
ferent diameters; fizure 23e gives the corresronding addl-
tiongl tolerances.

48, The discharge coefficients o for the 193C German
Standard Orifice are shown in a sermilogarithuic representa-
tion in figure IV as a function of the Reynolds number Rep
referred to the oipe diameter. The discharse coefflcecients
are practically ccnstant above certain limiting values of
the Reynolds number ReD.ll These discharze coefficients
are shown in fizgure 22 of Data Sheet 5 zg o funetlion orf the
ratio of areas n.

4%, Abcove the tolerance limit the dlscharge coefri-
cients for the orifice are valid for smooth pive and for
an absolutely sharp upstream edge of the orifice with the
basie tolerance shown in figure 244, Data Sheet 5. For
m < 7.25'% it amounts to x0,5 percent, and it increases
steadily to *0,1 percent at m = 0,7. 3Below the toler-

llThe line connecting these limiting values for n ian
called the tolerance limit. As comvared with the third
edition, the line is displaced in the diroction of higher
Reynolds number for nm > 0.3,

}8pi¢ferent from the third edition.
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o+
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1t
4
}Jo
ot
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5

ance limit, the discharse ccefficiont
begic tolerance of %=1 percont,

50. The pine roughnesc causes a gronter increase in
the discharge coefficient o for the standard orifice
than for the standard nozzle, and here nl o the effect in-
creascs with increansing ratios of area m, wiile with low
ratios of nrea the effect of the roughno of sorvico-—
rough pipe disavmears. (Sce 9aragranh

The correction factors of the dlgeh-rac 300 i~
et o,

t for orifices in service-rcugh pipe rnd the ndditloun

cion
to the basic tolerance for the effect of roughrnean ~re
Zgivenr in Tigures 24a and 24e on Data Shoet 7.

2. If the edze sharvness dces not rorforn al

.

solut 2l

s U"

I T

to the requirements given in varagrank 17, i.c,, i o
flection of light from the edze iz emsily noticenblie with
4 = 100 mm, further additions rns® e =~nle for the lack

of sharpness of the edze. Taege additions ~re deoeudent
on the orifice diamcter 4; bhe corrcocicn facters, fFor
the lack of edze sharpness, nre to Do “ozen fror figure

21b, Data Sheuvt 5.

53%. Since the sharpness ¢f the codge cennot be defintd
accurately, the inecrensed discharge coe 7icionts nre valid
oo

with o tolerance concigting of the dasic tolerance and ~n
addition thereto; this additicu is *o be taxen fron Fizaroe

24f, Dnta Sheot 5,

£ sha wronevs of the edge and
rouzkbness of the nive arx o be contideroad sirmultaneously.
In this case hoth correction factorn, ~a determined fromn
figures 24a and 24%, are to be annlied o the discharge
coericient and the total tolersmnce of *tue discharse coa’-
ficient @, according to the lew Tor comtining evrvors, is
equal to the scuare root of thno s of the amaeres of the
tolerances for the lanck of edge chnarpnaccs 2nd vor the dive
rouihness; see examples, cection

54, In gereral, lack
re

Jor mepsuring gas with the atondord criica, «ith T =

el
190 mm, m = 2,85, Rep = 72,700, in ~cnncreially roug!
ne and with %the

ririce eds: not abselutely shard:

i 0
(Continued on p. 17)
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cd. If, in addition to the efivccts of vipe rougkrrne-s
and of lack of edge sharpness, there ic also an effect
from the viscosity of the flowing mecdium, the correciions
for the different effects are to ba sttached scvarately.
The tolerance for the corrected discharge coefricient is
determined by means of the law for the conbining of errore,
(See.parasraph 6.)

b) For Gases and Varors

96. For the 1970 Standard Tozzle, the expancion Fac-
tor € is to be taken from figures 285 and 28 of Data Sh.
6 for low differential pressurcs and from fisgurecs 27 und 28
for hivh differential vressures, for K = 1.31 anl Kk =
1.4, recospectively. PFigure V zives the nxpanpicn factor
for ~nv vnlue of K as n function of (P,/ l)l K up to

the critieal pressure,

o+

o7. The calculated expnansion factor for the stardard
nozzle for m € 0.4 shows absolute asrecement with experi-

(Continued from p. 15)
1. The vrluc of the dischorge coef“iciont a

a. Zasic value (fig. 22) . . . . . . . . . . . 92,548
b. Correction factor for roughress (Fig. P4n) 1,007
¢c. Correction ¢aotor for lacx of edce sNars-

ness (15, 24D) « . . e v v e v . 4 . . 1,007
d. Correction for the effect of viscosity
(Fig. 24e) v . v v . . v v v v e e .. . 1,008

The corrected value of a 1s a.b-c«d =0,56
\ . . Py - P -
2. Tae value of the exvansion Tacter for i T 2
N.18 (assum2d) (fiz., 26, Data Sheet 6). . . . . D.OR

2. Tolcrance for o ¢
e. Pasic tolerance for a rom 4% helow the
tolerance limit . . . . . . . . . . . . . £1.,04%
f. Additional tolcrance because of roughncais a
: (fig., 24@) . . . . . v v v v v v v o . . xN.0%

.

2. Additional tolerance for lack cf odie .
sharpness (fig. 247) . . e e e 20,6%
h, Tolerance for <& (table II) o O I 53
J’ea + f2 + g2 + W@ = ., , ., , . £1.6%

Di:f 'rent from the third edition, to azree with weunl
practice; the value ¢f ¢ is nraotlcallv not arfeg
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mental vnlues. (See reference 22.) The trats were con-
ducted with superhcated steam un to the critical pressure
ratio, in a range of the Rewvnolds number nzbove the toler-
ance limit, and conseguently without a nsirmultanecus effect
of viscosity. The same was found” ™ o ﬂir'(vith the 1912
standard nozzle) at a pressure ratio P, /P, = 2.9.
Therefore it mav be expected that the v“~ion factor ¢
may be calculated with the theoreticnl oauniions for cther
gases and superheated steam with the scwme or different k.

However, a tolerance for ¢, Siven in table I, ic reconi-
mended for the gases and vapors taat have not been terted,
For superheated ste~m and air the expansirn factor ¢ ia

s . - <
applied without tolersnce, as long 2s n S 7,4 and
—— i = £ 0.2 and =s loug as the Reynoclds number ig obowe

the tolernrce limis. Tadle Il sives a surrary of the tol-
erances

TABLE II. Toalerances nf the Exmronsior Frector € for
Standard Nozzles and Standari Orifices

Prezsure Crifices
ratio [
icr : ror
t}'aSOS;".’ZI“:.’WI‘E‘
- D
TR
Pl rer-— noer -~
cent cent
O to 7.01| 0.7 2.0 ) ;’}
0.01 % 0,021 =0.5 | £0.5 L 0 0 & S
0.02 u O.1 0,5 1.5 | - !j i
0.Lr " 0.2 0.5 +1.5 i T3 x1 |
over 0,2 12 0 +] f o - +D

8. The exvansion FTactors Tor the 1077 standerd cri-
fice ns determined by tests are ~lao shewn in figures 25 to
28. They are vslid with the tolerences shovn in tadle II,
an lon< aszs the Reyncelds nunmber is abawe tha tolerance 1i

59, The tolerancrs for orifices are introduces vprinci-
pally because of the gtill unexplained jumps found fn the
tests with steam. (See reference 23.)

60. The tolerances for ¢ are to be comblund with the
tolerances for the discharge coctficient ™ means of the
law for combining evrors.

15

1]
Unnuollshed tests of E. Mueller and Z. Petorg (Gottingen ).
wvith air,
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VI - DETERMINIIG THE METERING MAGNITUDES AND
THE MATERIAL VALUZS

a) Differential Pressure

61, Differential pressure meters, with the exception
of the two-legged U-tube, must be calidrated. They mnust
be so designed that the unavoidable ecrror of the device
and the error of reading are within the limits corrcasroni-
ing to the desired test accuracy at the lowest difforin-
tial pressure to be measured. Because of the quadratic
relation between differential pressure and discharsze,

measurement at approximately half rate.

With U-tubes the vertical distance hetween the levols
(displacement) of the sealing fluld is to be determired.

If h ig the disnlacement of the cealing
fluid ' (m)
Yy' density of the sraling fluid (kg/m?3)

Y!' density of the material over the
sealing fluld and in the lines
to the pressure taps (Lg/m3)

then the differential pressure Pp-P; = h{Yu'!=Y!) (ez/m® ).

The value of h in millimeters mav be substituted for h
in meters if Yh’ and Y' are used in kilograms per

liter instead of kilograms per cubic meter.

52. If the lines to the vressure taps are filled with

gas at low oressure Y! = 0. TFor water und mercury as
sealing flulds and for mercury z2s u sealing fluid, if wa-
ter is over it in the lines to the pressure tapns, Yyp', YI,

and (Yp' - ¥) in kg/liter (h in mm!) may ve talken fron
table 2 of Data Shect 3, -

6%, The connecting lines must be absolutely ticht and
be filled with the same medium over their whole'lengths up
to the vressure tams. In measuring £ases. accordingly,
care must be taken that no condensing ligulds, such as water
from the moisture of the gas, collect over the sealing ©luid;
if thev do collect, ther must be measurcd and taken into con-
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sideration. In measuring liguids, no hmtiles of air or zZ=as
should be adbove the sealing fluid. In measuring vanors
which might condense in the inlet lines, hoth 1

be filled up to the same level with the ccndens
this reason, the lines must be bdlown out with %
with the shut-off valves of the differ-n+irl or
ter closed during the blowing-out. The wav
condense in the lines through cooling. Ier
information, see part 0, section V.

D) Density

64. The density of the flowing mediun must be detor
s

nined with the same care as the differentisl pressure.
with the differential pressure, the error enters in*c txo

result at only half rate.

65. The density Y, of the flowing medium is usually
known for tase conditions throuzh mezsurement cr camlcula-
tion based on 2 cheuical analvsis. Connsecurntly, with in-
compressible fluids, a measurement of temvernture ia suf-
fifient; with compressidble Tluids, the oressure and btem-
vperature upstream from the throttling deviece nust »e mens-
ured in order to calculate Y; with the “elm of $as equa-
tion of statc. (Sec Data Sheot 3.) T
purpose is to de measured in the cLan
prassure tap upstroam from the thrott

1

Arc:srrﬂ for this
> o7 the differeontinl
device. This

anall values of 0
Drecsure to moagurce
4 J(.,

PR

o

requirement need not be otserved with
and with esmall ratios of differentia

cnt pressure The measurement to be takcon
as closely as possiolo to the tﬂro tling tovice; however,
crre should be taken that the Flow is nct digturbed through
tho installgtion of the thermonmetcr.i8 Troble % of Data
Sheet 7 3ives the & 1ly imwortant
o

o+
D
3
o)
*d
o
=
)
<t
T
o)

iensity Yy for comrercin

gases at two difforent "standord conditicnst: 20% ¢, 1
o -
kg/m2 and 0° O, 7670 mm of Ha.

According tc¢ unvublished tcsts of R. Titte, ILudrwigshaion,
. .
[

. A
with steam measurasrent, o thernonmeter vrll o7 catnside di-
ameter s € 0.04 D ~t a distaonce of 1% D unstream frox
the throttling device h-s no effect on v, oven at the
highest vnalues of m. On the contrary, # well with g =
0.13 D =nt the same distance of 17 D reduced the wvalues of
@ as follows: with nozzles, m ¢ 0.35, O nercent, with
nozzles m = 2,5, 1 purceﬂt with orifices no= 2.8, 1
percvat, with orifices, = = 0.7, 1.5 nerconi. Concejucnt-
1y, the best location is downstrenm From +ha throttling do-
vice, since the installation disturbance weuld be less. Th
Joule-Thomson effect may usunlly boe neslccted in vractice,
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66. At high precsure, esvecially nenr thc eataration
line, the deviations from the idenl gas law are roi to D0
disregarded. In the formula they arec to he considercd

with the nid of the "compressibility factor'" K. X is
the ratlo of the density caleculated fron Yy By the laws
for ideal sases to the true density. The v-lucs of K,

for exnmple, are procured from the Lﬂndnlt—Bgrnstoin phrai-
cochemical tables, dut more easily from figures of the

sort of those on Data Sheet 9, referred %c 1 absolute at-
mosphere.t”? ‘

With vavors, particularly steam, Y, is to be det v-
mined from steam charts or tabdles.

With gas mixtures of not accurately known compocition,
the density may bYe determined with the Bunsen~Schilling
device!® or with a density recorder; it is %o be roecalcu-
lated to the measurement conditions.

7. If the density of the flowing Fluid varies cver a
period of measurement, it must be ascertained at short in-
tervals of time and the discharge must be determined cur-
rently with the ascertained values.

58, The density Y1 of most 3ases, i.0., rized rith
superheated water wvapor, ic to be calculated with ecuation
(9) of Data Sheet Z. The thecoretical derivation is <iven
ian part B, varagranhs 37 to 90.

o

fizure 18 of Data Sheet 3 shows the errors that re~ult
if the moisture of a saturated 2rns is neoglected in cnleou-
lating Y; with a pressure of 1 absolute atmospherc in

the line. They are smnall at. low temperatures as woll as
for gas mixtures with Y, ncar 5.7 to 1.9; (0,727 ic the
idenl normal density of water vapnor at 1 absolute atmcs-
phare and 20° C, calculatcd by the idenl gas law from the
density ~and the saturaticn pressure at 20° $), They boccme
smaller with increasing absolute nressure P,.

7 4 . . ST
177itte presents A ccllection of the conpressibility deviw
ations for the mogt inportant gases ard vapers in Eucken-
Jakob's "Chenie-Ingenieunr," vol. IIL, 2, . 16 ff.

18mne correct procedure and valuation of *he tests wita
this device require great carc; see Xretzschmer, Forschung,
vol, 2, 19722, p., 150, TWunsch and Herning, "3estimmung der
Gasiichte nach dem Ausstromverfahren" {Determination of Gas
Density by tho Efflux Method), Gas- u. Wasserfach, vol,
79, 1936, p. 177, '
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69. Formulas (10) to (12) of Data Sheet 3 chow tle
calculation of the measured discharged volume & +to dry
volume and standard conditions. For dry 2azs, the formula
is

m
Qn = Q EL*:Q 1 (11)
n Pn T, X
in which X 1is the factor for the devintion from the idesl
gas law; see Data Sheet 9. For gas mixtures witt water vo-
por, the water-vapor content is to be rerovsd Tirst in nr-
der to odbtain the dry vortion of the gas:
¢ = Q ?iﬂ:~ELEQ (1179
tr P, )

With Q¢pr calculated to standard condltions by equa-
tion (II), and Q substituted from equation (2), Data
Sheet 3, and Y; substituted from equation {9), Data Shert
3, equation (11) 13 obtained. For detail~ of the offect of
the moisture of gases, see ovaragraphe 37 %o 09, '

oy

The approximate equation (12) is ensicr ¢
(11); it is derived from equation (11) in such a wny that
only the dry Zas is used in caleulating Yy; an errcr
nalf as <reat as in fFigure 18, Data Sheat 3, 1+~ made there-
by .

¢) Viscosity and the Revaolds number

7%, The viscosity of fluids is congidrrably dépondent
on temperature, but ~n the contrary, only sliihtly depend-
ent on pressure., The dynamic viscosity of gases i1s inde-
pendent of pressure only insofar as the jasca conform to
the ideal gas law.

The dynamic viscosities at the gaturatior line for am-
monia, carbon dioxide and sulphur dioxide, nd for ligu--
fied Zases and water are gilven in tadlo 4, Dnts Sheet 7.
Further, figure VI in the text gives the dvnanic viscosi-
ties of the more-frequently encountered «<ascs, fijgure VII
that of water up to 160°, and fizure VIII those of atecan
from the values which at present may be considercd as nost
rrobadbly correct: szece alsc section 77,

7?1, The viscoslty of zas mixtures iucs a0t follow the
simple rule of mixtures, particularly not whon the water-
vapor content 1s high. Approximate equations have beon de-
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veloped.19 A formula sufficient for most technical sgases
(reference 26) is:

100 vy

Vmixture o (IY)

-
O + 0O + CEy 4+ Np + 2(080,+Cpdy) + 5 Hp
in which

is the kinematic viscosity of the rixture

v
mixture
(em®/sec) -

v the average kinematic viscosity of WN,,
CO, and 0z with the value 0.1528 (at

O,, CO, etc. are the constituents of tle gas in 2erceat
by volume. ’

72. The Reynolds number i1s a criterion by whiech the
flowing condition of an incompressidle fluid ie charactor-
ized clearly, Further explanations are =iven in nart 3B,
section II.

The Reynolds number is used in thisg ctanderd in the
form:

’ ReD = EBQ

in which
w is the velocity in tae pipe line (m/sec)
D diammeter of the pipe (m)
V kinematic viscosity {(m2/sec)

Accordingly, it is referred to the pipe diameter. Often
it 1s referred to the diameter of the throttiing dOVle
then it is given the symbol deD.

73. Data Sheet 7 3ives Tormulns aud » nomographic
chart for the easy determinntion of thae Rernolds nunber
ReD. Tnble 4 gives the dynamic viscositicg N ~nd their
changes with temperature for the technically important

19
See k~nn, Gas- und Wasserfach, 1920, »n. 570, and refor-

ence 25.
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gases. The nomogravhie chart of figure 29 gives 7 for
steam, and p Tfor water and sorme other “luids. For zasesn,

37 . s
the calculating value vp!' = %— is used 23 ordirate; tnis
'n

value. because of ite indevendence of pvre-cure. mav hg
shown as m function of the tempernture and is essy teo use
when the gas discharge is referred to nor-ul conditions
it has no physical significance

(€2
(€3]

VII - PERMANENT PRESSURE LO

74, The permanent pressure loss is alvays less than
the differential pressure., Figure IX shovrs tne caleul
pPressure loss for the standard nozgzle and for the starndard
orifice as a function of the ratio of areas m and ex-
pressed in vercent of the differcntial nreczsure, The vale
ues of the figure arc indicative only; so Tar a5 tests are
available, they confirm these velues for - J.4. TFor
large values of m tkey no longer wholly rnzrec, because
the impaect was not considered. Conceguently, wvalues of <
should at no time be derived from tlhese duta Tor thae case
when the downstream pressure is taken after the prersvre
recovery ~ at least 8D beleow the tqro+1‘i’% device. For
computing the vpressure loss of crificea, the Faust rule
anplies -~ that is, exvressed ir percentazce, an (1 -~ m)* 100

B
17\

75. Figure 10 shows that the nressure loaiszes of the
standard nozzle and the standard orifice rre oracticallw
equal if the ratio of orifices is o chn~cn that in hoth
cases the same differential precsure corven-onds to the
same discharge.

171
£

ORETICAL PRINCIPLTS

s
.
o=

I - BASIC EJUATIONS FOR INCOMPRESISIZLE PLUILS

73, The symbols to e used in the TolleowinZ nre:

F cross-sectional area in n@

-~
=5

average velocity in m/sec
P absolute uressure iu kg/n@

Y density in kg/n®
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€ 3ravitational acceleration in m/sec?
Q volume rate of fiow in m®/scc
G weight of flow in kg/sec

Ideal pipe flow will be assumed as o bdeginrning. The
Bernoulll equation supvlies a relation dotween the pres-
sure and the velocity at two cross-sectioral areas. These
must be so chosen that the lines of flow are parallcl and
the pressure accordingly constant over the whole aren.
Consideration of the nicture of the flow in connecticn
with the course of the pressure will show that this assanp-
tion is fulfilled in the pipe crogs-gsectional area I ur~
stream and in thz jet c¢roes-sectional area II downstrean
from the throttling device. (See fig. XI.) '

For these two areas the Bernoulli principle supplies
the equation

P.' - P ' = 53 (wa'a - wlg) (7)

for incompressidble fluids; it may also be used for arvrox-—
imate calculations of gases and vapors when the changes in
bressure are small, A further relantion supplics the con-
tinuity equation:

F = F, w,' (vi)

1M 2

The unknown cross-sectional area Fp, differs fronm
the opening of the throttling device according to the shape

of the throat (i.c., the sharpness or roundncss of the cdge
k in figure XI). The contraction factor u 1is introduced,

accordingly; then F, = W F,. Using the ratic of areas
m = Fo/F1' we have frem equation VI
w, = w.' pom (vit)
1 2
From (V) and (VII), we have a velocity wy,! in the
area Fy:

w, !

_ S}
1 - ua m

77. In practical measurement the more essily obtaina-

ble vressures Pl and P are used instead of the pres-
(=]

%? (P,* -~ P,") (VIII)

o !
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rn
(o))

sures P,' and P,'. Further deviatioas ore brovzhi

ctinsn and wigcogity rceourring
ong and wiich noro ocxrrocsed

by the effects of
actunl flowing ¢
locity distributi

o
'5 P

ri

it

3
2 . Iy 1

the upstream flow.“o By introducing a Tnctor (=

we collect these and the deviations due to¢ the
the nositions of the rressure taps, ond we obtain

i 2 . :
Q = pFy owy = el Fo/ c (2 - 2,)

1 _‘;ame

i b
reatly different from the ide~l in

.
h

an

r

1C LT

der

LT

< K
(&I
,__J

i

78, It is easy tc see that the change of the unctroan
flow profile produced by surp ce friction and visnogity
the cor-

also changes the contraction factor. IFor examinle,
traction is reduced br dointlng the nroile. Jonsequr
{ #nd @ are practicelly nonseparadls. Therofor

two factors are collected *oge*her with “he Foctor
considorgs tho finite upstreanm veloclt: *r forn tae

Y
e,

ntiv
tha

that

dig~-
charge coefficient:
1 = ua ne
( . . 1 .
Br inecluding ———=Z———— o for @ oz 1 sud larse val-
p .
] hnd ML‘ it e
ues ¢f m nay beconme =greater than 1. D, or ig the case wit
nozzles. )
The Qaticas For the discharie in “inal fornm sre:

G
il
Q

= o N (3 R 2
no‘/lg Y (% SR AR S SVELEY

in which G = Q Y is *he weicht of flov

20

1%

rla ”QtrOth? Torm und Durchflasszanl 3¢

Te cr eosdross
\Form of Flow d Discharge Coefficleoents of Veter ns
Throttlen). Forschunzsheft "81, 1077 VIT - Verlag,

Hors rcourﬁte 1“vnﬁt gatione +will bhe Tomnd in ¥Yretgsoh-
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II - REYNQOLDS UUMBIR

79. The Reynolds similarity law allows the metcring
results obtained with a definite material ond throtiling
device to be carried over to other measursncats of materi-
als of different viscosity and density as well as teo geo-~
metrically similar throttling devicés as lons cs othker
characteristics of the material (comprecsidility, surface
tension, heat conductivity) may be disregarded. If toth
geometrical and mechanical similarity »revail tatwoon foo
flow processes, the same discharge coefficient apnlics.
Mechanical similarity is shown when the ratio of the
forces of inertia to the forces of viscogity is the came
in the cases under commnarison.

Then
Y Lg w YL 1
w Lw ) -
s St . L LT (XI7T1)
In this
L (m) are the characterictic lanzths of
the arrangement under conmnarison
v (m/sec) the velocities

N (kg sec/m2) the dynamic viscositins

£
Y

2 . . . PN
Vo= = (m®/see) the kincmatic viscosities

20. The Reynolds number Re, accordi
nition, is the ratio betweeon two forces and ig consecucnt=-
a 3

ly a pure number. Any Flow situation of any incompressi-
ble fluid is definitely characterized dv this numb-or, 3y
a small Reynolds number is meant onc ian which the rforceos

forces of incr-

7

of viscosity are large in contrast to the
tia;

a2 large Reynolds uumbdber is thc opvosite.

Resenrch is consequently reatly simnlified by the
uee of the similarity law vecause it is enoagh to change
any value contained in the Reynolds number, such as tae
velocity, in order to obtain at the samec time the effecnt
of the other valucs contained in Re. The Reynolds numder,
therefore, serves as the abscissa for nlotting the discherge
coefficient as lon3 as the density and the viscousity are the
only effective characteristics of the fluid.
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8l. At sufficiently high vealues of the Revynolds rumber
the discharge coefficients of the standard rozrles and ctand-
ard orifices vecome constant, i.e., indcevendent of the ve=-
locity, viscosity, and density of the flowing substarc

1 ©

Hence 1t is importont to know the Raynolds nunbers a*t wiich
the indewendence stops and at which, counsccuantly, the dic~
charge coefficients become variable, wiethrer as a result of

a reduction in the velocity or in the diaretar or of an in-
crease in the viscosity. These Reynolds rumbevrs are chor-
acterized in the Standards as "tolerance limits.! :

82. The validity of the Reynolds sinilarity laow hoas
been demonstrated by tests for discharge measurements with
nozzles and orifices when geometrical similarity is ob-
served strictly. Included with gcometricrl similarity ~re
the similarity of the installation, of the wmrescure teps,
and of the condition of the surface c¢f the nime and the
throttling device.

IIT - BASIC EQUATIONS FOR GASES AND VAPGAS

8%, With gnses and vavors the chnago in density should,
in gZeneral, not be necglected when the iifrferential presiure
is high and when high accuracy is demaaded. If a change of
state according to the adiabatic law '

'Yq P.-) 1 / K
v, = (3h)

ls assuned in the contraction, the genornl energy oquation
N . s .
(V) may bve integrated, and with the help of the continui-
ty equation for compressible fluids

wy Fpovy o= oWy T, (X1v)

)
2]

(
jo 7
..

the velocity in the vena contracta ic odtaina

Ve —
&

25 Py K i Pg PR
SRS LR (e (x7)
.Yl % - l ‘ \P rd
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The contraction factor is designated p, to digtinguisn
it from the factor for incompressible fluids, since 1t in
depvendent on the pressure ratio Pa/P1 for throttling Ze-
vices with considerable contraction, particularly ror or-
ifices. This dependence results from the faczt that an ex-
pansion is also possible in a lateral dircction because
the jet is not guided laterally. If the cguation for the
wvelght of flow

(P—;\l /K . \
_ _ e (X772
G = B Fo wy Yo = Uy Fo Wp T \?,/ SREY

is expanded with

/l - ue®m8 o arnd /Pl - B,

there is obdtained an eguation similar in form to (X11):

G =a¢F, JogY (P -B) (x8/scc) (XTTT)
where, in
a Kty
' A A3
- 2 .2 Poop ar/k b . K
o Liowle 3k (R
Q ) s o <Pa\27ﬁ . Pa k-1 §\Pi * \p,/ |
TN I Y/ N

the totnl effect of the compressibility is inecluded. In
this formula

- \
T e ~M.———  (See paragraohs 76 to 73.,

In the same way the volume rate of flow referrod to conai=-
tioneg upstream from the metering location is fcund to be

, <8 3 T
Q =41 € FO / —.v; (Pl - P2> (T". /SGC) (;\.IA,‘
81, These developed egquations apnly oalyv as long ngo

the velocity of sound is not reacheod.

85. For nozzles with a contraction factor p = g =1
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the radlal expansion may in gencral be nczlesiod, =0 thnt

a
EF = 1. The g00d asreement of the discharge crlculnted

from equation (XVII), ne7electing the radinl expansion
with that obtained experimentally, shows ‘hnt the e=pan-
slon correction ¢ calculated obove ig vnlid fer anozzles.

6. When the contraction is consider~nle, particular-
ly with orifices, the effect of lateral expnonasicn on tho
contraction factor may be brought out bty on additionsl e~
pression (see references 1, 2, 14, and 22), dut onl; vith
simplifying assumptions. In this case, thcrerore, it iz
better from the practical standpoint to ~ubstitvte the owr-.
pirlecally deterrinod exvnnsion factor ¢ in eqrationrs
(XVII) and (XIX).

87. The density Y. of A moist gns in equal to the
sum of the density of its constituents in the form of dry
gas Yi. and of water vapor Yp. It should be considered

1
that these constituents are under only vurtial pressuress
corresponding to their proportional volumc~s. These uro=
vortional volumes are usually nct siven, “ut Zenerally
only the relative humidity @ of the gs mixture iz knowng
this is defined as the ratio of the weizht of wvavor nctu-
21lly contained in a uni%t volume to the weizht of vapor

that would be contained in the saturated ges at the same
temperature.

88, The method of calculating the density of the gas
mixture is as follows: The density YD of the saturated

~

water vapor at the measurement temnernture is taken fron
a steam tadle and multiolied dy the relative hunidity @.

..
s

If the density Yn of the dry gns at standard conditions
is given, this is tc be converted with the Lelp of the fem=
pernture nnd the ratio of the standard vressure to *the par-
tial pressure at measurement conditions. The partisl prog=-
sure is equal to the total pressure minus the partianl pros-
sure of the water wvapor. The latter may bve taken from a
steam table as ~ function of the saturation temrernture

and is @ Pp.

Ye = Yyp + @ Yy (kg/n?®) ‘ (XX)
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89. In converting the gas mixture to another set of
conditions, the water vamor may generally be treated as on
ideal zas as long as it rermaiuns superheatcd; sce tadle 3,
Data Sheet 7, Onlwv near the seturated condition does the
water vanor cease to act ms an ideal gas; when hizh sccou-
racy is reouired, it is recommended, accordinsly, that the
conversion be undertaken on the basig of tho lnown steanm
tavles.

90. In converting a rmeasured volumc of 3as to ctand-
ard conditions, it should be borne in wind that the wator
vapor would be almost completely precipitated in the lirniad
form. Usually the standard volume of & nmoist gas ie so de=
fined that only the dry part of the gas nixturc is ccnvert~
ed to standard conditions. In order to verform thic con=
version, the dry part of the nmeasured gns mixture must Dbe
calculated. EBowever, the trve dencity of the mixture is
alwvays to be substituted in the equations for discharge
measurement, since this true density 1s & factor of the
measurement. With saturated gas at approximntely atmos-
pheric pressure, the dencity correction for the moisture
content may be taken directly from figure 13, Data Sheot

N

C. SUPPLEMENTARY INFOR.UATIOW CN THE STALDAZRDS
I - EFFECT OF DIFFERENOCES FROM THE STANDARD INSTALLATION

(See also section A& III)

91, With nonstandard precsure taps the discharge coef=-
ficlents of section A V no longer apply. Tijgures XII and
XIII show the changes of the static pressurs at the pipe
wall, with a diameter of thae pressure tsp equal to 9.017,
as functions of the distance from the faces of the nozzle
or orifice. The ordinate is the differenco hetwren the
static pressure measurcd at the pipe wall for the given
distance and that at the faces for standard pressure tanc,
expressed in vercent of the differential presgura.

92. Because of the gquadratic relation between differ--
ential vressure and dischesrge, the deviatioas of the dis-
charge roefficient are orly nhalf ang grext as the devia-
tions ziven in figures XII and AITI. For the special case
of equal spacing of the nressure taps upstream and down-
stream from the throttling device, the corrsction factors
are Ziven in figures *1 and 22, Duota Shcet 8; to take ac-
count of this cffect, multiply the discharge cocrficient
by the correction factor,
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¢3%. Nonstandard taps ag in secticns 91 zad 292 reduce
the metering accuracy. The following additionsl toler-
ances are to be added to the other toleraunces Jiven on
Data Sheet &, ‘

1A

rer ~owzlow

~

0.5 oercent for m J
l 0.8 for orificos

H/\

t1.0 percent for higher valunes o7 n

¢4. With nonstandard installations, i.e., if the vo=
quirements prescribed in section A III are not fulfilled,

thae error in measurement incrcases. The »rineinal reascas
are? :

1. Ioncirecular pive.

2. THonzecenrately centered instzlilati
throttling device or the Sraiat,

[N

« Diametcr of the unstrean movnting rin? emaller
than that of the vive.

4. Conical expansion of the vive, covecially with
rollcd-on flangeg.

5. Difforence betwoen the nominsl di-retcr of the
vine used in the calculati and the astunl
dinncter,

95. For considering sonme of thece iifi‘:?ronces, tha
Tollowing essentinl data concoerning their effect or the

discharge coefficient are 3iven, i3~011" 28 relinble tent
results are availalle.

a) Diamoter of the Monntiry Rinz
Smaller than the Pino Diametor

figure XIV shows the installation; fTizures XV and AVI
Sive the correction factors Tor thc digehiarie conofficionte
ofagozzlos and orifices, as functions of n ratio of areas
n' . This is reverred to ihe ~ren of tho mounting ring
instead of, as ususl, to the aren of the pine. Thisg asort

21

For nozzles accordlng to'Witte, Forschung &, 1934, =».
205, and unvudlished tests of G. PuDUPI Aeriin ‘to annear
in Forschung 8, no. 5, 1935.. For cri“ices na ccording to
Ruppel and Jordan Forschung 2, 1971, p. BO?, and Kretzo-
chmer and Walg dolz Forschung 5, 1874, n. 28, ang Vitte,
Forschung Geliete Ingenieurcwesen 8, 1824, n. 208,
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of plotting is chosen since in practice often the diameter
of the mounting ring D' is known and the true pilpoe diam-
eter D can only be estimated. MNetering errors are due,

on the one hand, to the hydrodynamic disturbance produced
by the upstream edze of the mounting ring snd, on’ the othrr
hand, to the incorrect calculation of the upstream veloc-
ity which:is referred to the diameter D' insterd of to D.
Since thée two effects enter the result with different siins,
the correction factors for a are sometimes larger and
sometimes smaller than 1, '

b) Gaskets Cut too Small

w3

Fizure XVII shows the installation, and fisgures XVITI
and XIX show the correection factors for «a, " which, how-
ever, can 3zive only an approximate idea of the crder of
ma3ritude o¢f the resultant errors. Of course, it is nl=
ways imperative to be certain and to take care that the
gasket does not project; see the precautions in parngraph
25,

c) Disturdances Due to Expanding Pieces and
Riveted Flanges with Standard Orifices

Figure 34, Data Sheect 8, glves the order of magnituie
N : . 20 ~
of the error to be expected with some installations®®® conm=-
pared with the standard installation.’

IT - THROTTLING DEVICES AT THE INLET AND CUTLET CF PIPIS

90. For the cnse when the material to de measured
flows out of or into 2 space filled with the same materinl,
say ~ir, measurements with the standard orifice and the
standard nozzle at the inlet and outlet of o »ipe line nre
applicoble. (See reference 10,) The differontial pressure
here is the difference between the pressure in the freo>
space (usually atmospheric pressure) and the pressurc at a
standard pressure tap inside the pipe. The pressurec talen
in the nive is the "negative pressure' when measuring at
the inlet of a pipe, and the "positive vressure" when mengs-
uring at the outlet of a pipe. '

If nnother material is in the space upstream or down=-
stream from the throttling device and if at least one of
the materials is a liquid, the surface tension hos- en of -
fect which ha§ not vet been completely investigated. (Sce

22

According to testes of Ruvvel and Jordan, Forgchung 2,
1931, p. 207, and R. Witte, Forschung 5, 1974, p. 205,
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reference 10.) For this reason the standard mobzzle. par-
ticularly, is unsuitadble for dlochmrging liquiﬁs info alr
or qas-fllled Qches

97. When measuring at the 1n1et of o cipe, the diam=
eter of the front surface of the thrctslinrg dovice skould
be at least 1.5 times the dlameter of the cpening: also,
it should be smooth and freoc of holding arrangements,
screws, and the like. When mecasuring at the irlet of a
pipe, there should be no objects, walls, ctec,. that migzht
disturd the entering flow within a distarce of at lonst
20 4 from the throttling device, and at least 10 4 loator=
ally from the axis of the throttling device.

When measuring at the outlet of a vpipe, these dis-
tances may bu reduced one-half.

‘98. At the inlet, the dischar%e coefficient adbove the
tolerance limit, which lies for both at ReD = 55,000, has
a value of

ag = 0,99 for the standard no-~zle,

04

i

o 0,60 for the standard orifice.

99. The basic tolerance of the discharge coefricients
above the tolerance limit is

*1 vercent for the standard nozzle,
t1.5 percent for the standard crifice.

Lack of sharpness of the edge 1s to be considered, if nec=-
essary, through the additionanl tolerance of Data Sheet 5,

120 At the outlet, the tolersnce lirits of table I
(see paragraph 45) epnly. The discharge cocefficicents adove
these limits for the corresponding ratios of arca m are:

~For standard orifices, ecqual to those of figure
22, Data Sheet 5,

For Standard rozzles, as given in figure 21,
Data Sheet 5, but reduced Sy 7,5 percent .

101, The basiec tolerance for the discharge cocffi-
cients above the tclerance limits ore:
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1 percent for the standard nczzle,

21,5 percent for the standard orifice.

Pipe roughness and lack of edge sharpness cre to be con-
sidered, if necessary, in accordance wilth Dnta Sheet 5.

102, Below the tolerance limit there nrec no relindle
values for nozzles and orifices located nt tae inlet and
outlet of plpes. Measurerents in this range arc congre=-
quently to be conducted orly after special tests.

III - THROTTLE DEVICES AT RATIOS OF'PRESSURES

ABOVE THE CRITICAL

103, Measurements at pressure ratios above the criti=-
cal may be performed when measuring flows of gases and vapors
if considerable expansion is permissidle in the throttling
device. This mey be the case, for instance, when oxpande-
ing into a vacuum in acceptance tests of vacuum pumps or
in acceptance tests of steam reaction turtines. With this
method, it is sufficient to measure the pressure and tem=-
perature of the flowing medium upstream from the throttling
device; measurement of the differential pressure is unnec-
essary.

To be sure, the process requires that the initial
pressure rust be changed in changing the discharge. For
this reason and because of the high pressure loss in gen=
er=l, the method is not satisfactory for continuous measurc-
ment.

104. The method assumes that the velcocity of flow in
the vena contracta is equal to the velocity of sound un-
der the coaditions at that point. This is the casc for a
definite "critical" vpressure ratio (Ea/Pl)kr, which do~
vends on B, kg, and n., Witk the pressure difference in-
creasing, i.e., with the back pressures becoring smaller,
the discharge through the threttling device deces not in-
crease, becruse the pressure in the 7vena contracta is nc
longer affected by the bvack pressure P5. Tren ccuations
(XI) and (XIII), leaving out (P, = P,), we have ng an
equation for the Flow B



36 NACA Technical Memorandum Np. 2952
G = e FO'W /Pl Yl (ke /cen) (XX1,
in which - ' o :

Y o= - (XX11)

N ] g7k
1-n®u,2(R, /7))

_——D — P_g ——

1= n2 pl2 K-1 <
K

From part B, section II, equation (XVIII), i% is fourd *ust

v

P
e——— = 1 - =&, DThe value of Y ettains its maxirun
fo——— .
J 28 P
value at the critical pressure ratio and then remains con-
stant,

105, With noticeable contrnction of the jct in the
throttling device, the critical precsure rotio f
reached when Mk Dbecomes equal to unity, “ecou

-

increase of B with decreasing valuce of Py/Py. With

the standard orifice, varticulsarly, ro eritica: Drecsure
ratio at all seems to be attained, ns trotz of Schiller
(sce reference 18) have shown; ses also Tigure XX. Thoe
stondard orifice is consequenily not suitable feor this
method.

106. Table III shows, az far as is Inown, the critie-
cal preseure ratios as functions of m snd K for wellie
rounded nozzles without contraction; thus 7Tor p = Re = 1,

particularly for the standard nozzle.

TABLE III, The Critical Pregssure Ratio for the
Standard legzle s a Fune

1.41 LH27 LR 2

The equation

(e A} T , J \ PR
G = —t 1.pE22 4% fp Y, (vg/ur (XXIT1)
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using the nomenclature of the Standard, apolies for

P, /P = (Ea/Pl)kr. In this awﬁ/Eg. as » dimensionless
factor, is to be taken from figure £X, and d 1is to be
substituted in millimeters, p, in kg/en® ac adsolute

presgure, and Yy in kg/m3, In case tho product Dy v,
1s availadle in tables, as in steanm tables, it 1s easier .
to write
o 2 D e
6 = 2L 2522 a b (X117}

VTN

Since the measured values may be stated very exacily, fron=-
sition to other values of K is permissidle without fure
ther detalls. Accordins to availnrble nmeasurerents with
standard nomzles for Kk = 1,31, oy//25 amcunts to about
0,468, and for K = l.4, 1t becores about 0.481 for n p
7«4+ TFor higher values of n, the value sosoms to rise
sonewhnat,

.
S

IV~ THROTTLING DEVICES WITH CONSTANT DISCHIRGE COIZFFICIELTS

AT LOW VALUES OF THEFR REYNOLDS NUMBTA

107. The discharge coefficients of the ctandard noszzlo
and the standard orifice ch-nge with the Roynolds number
below the tolerance 1linit and, on the other hand, measure-
ment a2t very small Revnolds numbers has practiecnl esigrnifie
cance, partlicularly with oil measurenents, when mes&ssuring
23 with high hydrogen content or very hot, and with wvery
small diameters. Accordingly, various tests have been rade
to develop special forms of throttling devices that hnve
constant discharse coefficients even at low values of tho
Reynolds nurber.

108, Thesn tests wers started with tho observation
that bYelow the tolerance lirit of the Standard the dig-
charge cocofficient of the standard nozgle decereases as the
Reynolds number bYecomes smaller (fig. III), which annerent—
ly is to be explained by the increased offect of fluid Trice
tion; on the contrary the discharge coefficlient of the stnnde
ard ocrifice incereascs (fig. IV) tecause the constriction or
the jet below the orifice becorcs lesec. If now it wore
possible te develop o throttling devico in whiech tae con=
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R
0

trary effects of fluid friction ard Jc
mutually compensated, thon constant di ! .
migzht be c¢xpected Trom such a thrctuling levico at smallor

Aeynolds numbers than from the standard novzle and the

2t constrictlon eore
counree coefficients

standard orifice. The regsults of those tonts have shown
this method to Do workadle. 4 standard Jor~ rfor any rotio
of areas, however, has not been found.

109, Of thae throttling devices Invosiigatod in thins
connection, the following Terms have heen found to be por-
ticularly roteworthy,

14,

Standard uozzle without a cyl-

indrical wmart, Tizure AXI
Doudle-boveled orifice, fizure XXII
Double-rounded arifice, . figure ZXIII
Jeuble orifice Bivliocgrophy
20a
110. These throttling devieccs snmonr io be sult-ble,
ceording to the tests thut hawe hean partorned.2® for tho

followling ranzes:

Throttling de~

viece 28 in ReD and Tcr n  anyroximately
Figure XXI 4,270 to 100,700 M5 to 0.4

Fisure XKII 2,000 to 170,000 .16 to 0,25

Figure LXIII 7,727 to 100,000 < 2.0

zoenuse of the nmrosent state of knovwliedsze ¢f the sudh-
Ject, 2 calibraticn of each of the threttlirg devicog in
accordance vitlh maragravrh 109 ic necescar: nt the sane
Rerynolds numbers as that at which it will Pe uzed. 3Be-
sides, according to previous exverience, distur>ing factors
in the installation or in the upstrear section vrobatly

have greater effect &t small Rernolde nusbers *hen at hizaer
Reynold~ nurbers. Bonsequently, it is recormended thct zar

be token to mrovide throttling devices For small Rernolds
,numbers with long lengths of disturbance-rree pipe and care-
ful installations, ac well as that, fer ~ccurate moasure-

rents, the throttling device be calibrated under the sare
installafion ponditﬂo“q as thove with whiech 1% 1g te he used.
QsAowording to urnubllaued test rnsultu or . Witte; 1

for throttling devices like fig. XXI (cee refarence 27); Tor
throttling devices like fig. XXII (gsee reaferences 5 and o)
fog throttling devices like fig. ZXIII{z2c refercncen 4 and
12).
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V - GENERAL INFORMATION ON TEE JONUE

AND THE DIFFERT NTIAL PRESSURE

a) Genoral

111. For acceptance and ladoratery
two=legsed U-tube is used for the
gage,
gaze to be recommended is the
second leg of which is replaced by 2
2bly a hundred times greater size. Dire
scale behind the zlags tube is accurate
ferential pressure is cuiet. A slide mn
serve the meniscus without parallax znd
may be made lat er on a scale at thq side

112, The glasc
eter when mercury
when -water or
avoid errors
than 50 mm,

tubes shounld be 2t 1
is used, and at least
carbon tetrachloride is us
due to capillarity., For ro
U~tubes are to be avoidnd.

If the differential pressure fluctuate
gsingle~legzcd U-uube,
container of

oba.

jfe]

STIXG LINES

GAGE

o

tegsts, one- or

Aifferertial presgsure

the only.
the
nrefor-
¢t reading of a
ornly when (he 417~
be used to ob-~
then the readiag

.

N

eact 8 mm in diam-
15 mm in diameter
ed, in order to

i smaller

acdings
Srall mercury road-

ings in team or water measvrerents moy de arplificd br
using some other scaling fluld. A4 useful one is acetyleno
tetrabronide. Its density is approximately 3 kg/liter.
However, when used for longer than a we-k, many disczrec-
able characteristics devolop and nake clean work difficult.
Carbon tetrachloride is more pleasant and, at the sare
time, Zives an anmplified reading. Tadble IV gives the reln-
tion of its density to temperature.
TABLE IV, Density of Cardon Tetrachloride
Temperature, °C 15 l 21 i 25
- o e et . e | —_— } ————

Density, kg/liter 1,605 { 1.5¢5 ’ 1.535

115, Inverted two-leg3ed U-tubes “illed with air or
benzol over the water, may nlso be used. ‘

114, Special micromanometers Lave besn develoned For
measuring very small differential presgures of Zaseg; anong
them are the Askania-Minimeter and the Debro=Miniaton,
Phese two dovices are suitable for testing service dAiffor-
ential pressure gages (ring balances, etc.). Sianvle-lezged
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slope~gage micromanonecters are very difficult to use

rately and require very specizl care

227 %=-

115. In choosing the most suitadle differcntlal prec-
sure meter, several matters must ve considered from the
technlical aspect of motering. The amount c¢f the line
pressure and the differential pressure arc the chief fac-
tors determining the type of thc differentizl pressure mo-
ter - thus, whether a float manometer, rinug balance, tell
float, ete., is to be chosen. The ratio of arena ziving
the largest differontial pressure for the throftling de=-
vice under the ziven service conditions is to bec clhcacn,
If a reduction of the effect of expansion is desired, low
differential pressure and so, lorge ratio of areags, 72 e
be uged; on the other hand, it 1s recommended that armall
ratios of areas and ro, large differential vressures, e
chosen since, under these conditionz, the tolerances for
the discharge coefficient and the errors duc to installaw
tion disturdbances are smaller, r2d also 1he actueting
force for the differential preccure wet-r is increased.

D) Differential Pressurec Meter for Coutliruous Service:

116, Differential pressure meters, boith indicating
and recording, usually have an arrangement for extractine
the equare root and therefore have acual Civisions Tor

the discharge, at least over the 3reat r part of the senle
Since the differcntial nressurc decreases as “he squnre

of the discharge, standardization near the zero poirt ig
uncertain. Important measuremert should *herefore he made
with a sufficiently high differcatial vrecsure For low
Tlows = dlscharges of less than 10 to 27 verc nnt of the
maximum discharge, according to the desisn - sufficient
accuragcy cannot be Zuaranteed.

ersure meter

117, If the scale of the difrsrentinl or
T can apply oaly
al,

i1s divided into units of the dicscharse, i
for a definite atate of the flowingz mator terned tan
"base conditions," The actunl state of tln material,
termed the "measurement conditions," is usually more or
less different., The diTference between bane and mengure—
ment conditions may be considered with sarss and liouids,
bv multiplying the volume rate of “low "nad 2t the oovas
ratus by the value /Vp/Vy and vith stean and woter by

multinlying the waight of Tlow by the valuo ~/Y /{r-
Here :

b

Yb is the dencity under measurcment conditions,

Y, density under base conditions.
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If necessary, changes in *hr denc
fluid and of the subatance over the so:
connecting lines is also to be zonside

‘118, For very accurate continuous meacvrement, it in
also tc be considered that the expansion “rctor €
chan4~s with the differentinl vpressure, wrile the calnle
latione of the differential pressure meter ore wsually

carricd ont considering € as constrnt. AD uVedagn rolile
€n i used by most manufacturers in caleulating tho el v,

corrcoavonding to 2/3 of the normal discharge or 4/9 ot
normal differential presanre.

119, The following discuasicn of tho dirforent Ltiora
¢ noparatus and their evaluation refors only to tae 'ioo-
ory and practice. The guality and serviceability of -
sanaratus to a lorge degree are dooecdent on thae cnre o=
ercised in ite manufacture and ecvecislly, on the periec-~
tion of ite structurzl form. With regsrd fo the latter,
it muet Ve reckoned that in all fine armarntuz vearinfe
the friction error increases more Si-n Line-rly with *he
dend weight of the parts moving in tLe Learing., SJousc-
guently, with respect to thig frictior er ; i
nore elegantly Ynilt apnaratus iv¢ fonerall- wrofeorable fo
the more ruzgedly Dbuilt apraratusg, Tror the abandvol f
metering techaonslogy. Extracting tno e ‘
ly, rlaces very hi<h requiremonts on
factvre, Its accuracy ig veryw con~id“ i
sofar ag the bearinge anacinzg ie naintained co“rfﬂuu with

rasacct to other operating rartae in +ho strucsural desiga.

120, With floot manometers, extractirg the square
root is done either b a corresuonding Tornation of the
chamber in one leg of a U-tube, cr by wes iesl metlode,
i.ce, Dy & can or clectricanlly, Extract t squars
root by means of the chamber shepe i b3
ble only down te o rPinimun di<rarent
lowver, the Zrenter the ratio of thoe ui
to the Ticat travel. Consequently, on
structural advantazoes omeurriasg incideninl v, Tion
eters extracting the square vroct by the ahanbor hanpe e
seful sarticularly for steam nnd woter unoters, Tor whieh
a sulficiently high difrerensial precgiare g available,

Float mancmeters with cylindrlosl chombeoro., In viich
thn squure root isg extra‘ved by oo anm, hnve the sanme range
of use. With those, extracting the sgnuare root ia troo-
rotically nossible at small raticas of the difrerontial



o
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pressure to the stroke nearly down to the zore point hut,
Pr%ot1c~llv becaune of unavoidoble friciion errors o
becnuse of the very consideradle translation ratio ncces-
sary at the zero level, it is possible onlv down to 2
voint that is demendent on the design ~nd »orkmanship,
Note should be taken that, becrpuse of the oindratic law,
when the discharge is a ftenth of the moxir=an, tho dilrer=
ential pressure has only a hundredth nauri o ite moxieun
value.

A disadvantase of 2ll fiocat mancmeiors i the recon-
sity of transferring the float mevercnt cubtai
surc snace. This is done through stuffing Boxecs or by
megnetie counlings,

121, With ring balances, extracitian the scuare rozt
is theoretically novsible down to the zerc voint, They
have a wvory nigh internsl actunting orce. This charac=
teristic makes then rarticularly asuitadlc For low differ-

gntlial pregsures. For differential precorroa L hove & mo-
ters of water, the eize is inconvenicrbiy Larvde. In enite
of thig, theyry rre often used in thln r“nir i the cher-
ical industr;r becanse of their goao ¢ e j
advantageous characteristics ore * ut, i: contraoot to roat
ovher differeatial nressure “Otprg, thoir v 3
devendent of the spcecifia zravity and o ovme of
iug fluid when tho metoring drum 10 rads opunetrie

with reaspect to the axis, and that tho rarnge ol di-feron-
2ial orecesure (end readings of tao cenle ) mar e ghonged
over = wide range by changing the eonsliigliiyr,

122, Extracting the square voot ~r riag nalance
is done either by means of thce force o trovel, In
gxtracting the sauare root by neoagns ol tre Turece, the ex-
tﬂrnal asctuating rerece is made to incrosce ou tha aguare
of the difforential preccure and “hereore avevertionally
to the discharge. In extracting the squere root
o the *ravel, on the contrary, conly ( tallentor movoanont

oy

e ey ey v A
ot R I

is pronorticnal to the discharse, while ~overant of fhe
balance ring gocs spproximat ly lincarly =ith the diffor-

ential nressure.

The firet maothod h advrartate thaat near tho voare
noint there 1is a relatively 1leorge rngls of rotation of the
ring Holeoance and ao a hi aunatility “or deling worl, In
practico, aeovevaer. there 3 0 cowoidersvle dolay in coning
to rect, 9o that, vith low differontisal vroscurig, “he seco-
ond method 1s usanlly nreferrcd,
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122, Bell-Tloat devices havs tan advantnage that tuey
deliver 2o sreat deal of vower, and because of tuics
their simnle design they are very sturdy and rel
Ther are tucrefore well sulted for rough service condi-
tions and For unusual services. If the n.rt ¢f the hell

Lede o
o2
— 03
O
B

immersed in the sealing fluid has prectically a0 vol”wc,

chanscg in density and, within certoin limita, fhe guantity

07 seanling fluid have no offect on the noa*urwmuﬂt. With

these metering devicces, the external szL'*3n~ serece ic

delivered through counterasprings or' ceiziite fto a moveble

lever arm., If, on the other hnand. tie ducyaney of Lty hnli-
7

float volume varies with the stroke and is ro-wenasioic ToT
2 - i A

the external actuating force, chansgos in Hne
the aquantity of gcaling Ffluid snter into the .
124, The diaphracm differential vrossurc wmrter ruvaid

oparate with a transfer arrangement that oncrates with a
nizh ratio, on account of tke disnaragn riroka omoantinsg

to only a2 few nillinmeters. Thav are conecinlly imnovtant
where it ig meccasary to operste without 2 rlaid, i.o., in
ghip service, or whore nercury rucht net be used for reaseonsg

of nealth or cocrrosion.

125, In addition, there i~ a lirge onurter of wmethods
in whica the differential pressure varles ccomo clectriezl
qaantity directly wiihout vsing any interreliszte menncn-
icnl memderz; for ezawnle, mercury closas ccutoets or vor-
ies the Tflow of current to peoints on Hho veesnianry of

tronstormner, or a magnetic or inductive recistance is
chansed by menneg of a2 suitsble flant, obo,

commercinl diffeorontis cagure noters

c
fe usunally indicated or a

the digenarge 1 scola cr »oceordold
on & chaart. If the recording vpen movos on tas chari zro-
portionaully to the discharge, the crart rnay be rlaniretored
and so the total guantity dinscharsed in o givon pericd of
time mav be determined. Usually the caszvits cannot be »lan-
inetercd down to tue zero line., In *tain care Lo true z2r0

line doaa not agrce with the no=called planiweter zeore iine,
which i3 obtnined theoretically through extranclaticn of the
prepoer ti nal divisions,

127, Addition~l anvaratus maoy ve installed in or
to many differentinl precsure rmeters Tor olectric tel
ing or to relense control impulses or, which ig most
tant, to record the totnl flow. The rey
soversl rechrnienl and cleatrical construct
ble, integrate the discharge against tire




44 NACA Technical Memorandum Yo, CH?

of the materinrl teing rmetered chrug g, i% rev be dosiv- 3l
to use automatic correcting arrnangeoronts se tunt the dig-

charge (weight or volume) of the flowiaz raterial will ba
regincrtered cccurately with its changes 3
¢) Connections te the Differcensirl Prersure Mober

128. In mesasuring noncompressible “ivif~, the diffor-
ential vressure meter should, if onurible, be located be-
low the throttling device and, in cace o7 stosun moarcure-
ment, below the condensing chambers; thi« is in or<-: -
air separatinq in tiae differential pressmre Linces wiii ~of
collect in the differential vressurc meter Wil noav soosuo
into the pipe line. If the static wresm tone pipe
line is ¢wall, thes differentinl pracrurc e a2t oo
far btelow the throttliag device that a urme DR Pros-
sure is always actinag on the iow pressare ide of tnr 147
ferential pressure mcter. If the differ-ntial prefsure

meter is located above the throttling levice, nrovision
iz to be made for removing the gas tlroush o goo trap ot
the nighest point of the differratinl =~ ure line.

Y ¢

S jasns the difTerentinl nrazsvre
meter is to be cet ne high as 1rosaidle »'ov: ihe throt-
tling device, so thnt liquids condensisg in the difforen-
tial vnressure lineg may flow haclm to tan rion linno, It ,
the precssure in the nipe lite ie¢ Hoelow Stroasheriae, euneilal
care 1s to be takon to sce thet the divf-romticl nrersare
lines nnd their connecerions nre tiaht, I# tir diffoerasn-
ti12l precgure meter rust be located helaw “he throttling
device, it is recommended thot the difrereniinl precsure
lines he led to = point below tare throt+ling devise and
the differentizl »ressure moeter, and thot o ceparatery
chember for condensates of water, tar, ote., he nrovided
a2t that »noint.

jdn

]

170, The differential pressure liuss ~Lould be at

metar and sho=lé

least 9 mm in insice diar

) T2 e anhart oz
nossidle, In measuring steom or hot fluidz or ho% gaaca,
they must be so arranged thot no nhot “luida con enter the
differential pressure meter., The difcrential nressurs

t Llo,

lines should alwave bo laid witlh o gradieat (at leagst
preferadly less than <59), Collectior of water in T
measurement and ccllectiocn of nir in Liuwii neaguremen®
arc to be avelded by vroper layiag of thd T ]
inst~allation of suitabdle seuarators. 51 rp Dondy A1 ond
Permlissible, I7 the differential prescure lineg i
water, care must he taken to lay trem vhore t

'
N
4
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freeze. Figure XXIV shows on arrangcrcunt of doudle -var-
sur: taps independeont of o2nch cther, thai ray dboe rooom-
menled for eteam monsnrement.

VI - APPLICATION 70 ACCIZPTANCE 3TANIANDS 1T
STEAM AND CONDENSATE
a) Tclorances for Reading the Difforentisnl Prossur: P -2

131. The rmeasurement of P, - P, recviros the greni-
ezt c-re. PFor the regnirements of the differontial mre--
sure mebter, goc paragropas &1 and 111 £7.

132, The cennecting lines te the differentinl nres-
surs mater macst be teztad for ‘:;nun?. , including nur
conpecting lines thero may Be Betwrern the two ni of the
U-tubec. The iines muct de ‘il] d «ith -~ . Viown
substance, which 1s insured dy renoented vizorsus dlovinig-

out of +the lincg. {Sece also uwaragr~dh ¢3, 3 well as par
ngraphs 128 te 170,)

13%, For aceaptance teety, two indenendont L7 Terantial
presgure meters are to be provided Tor rawscuns of rt2iane-
ty, each with its own lines and with 001A€r~auu Y
for tha npprer water levels in each of the fwo
nn tegt chonld be hegun hefore tha two rcadings
Fijure &XIV shows o wroven arrangemert. Then conlensate
chambers with over lows are wucsed, sreat cerce should be
talen that the overfleow lines to the stoem vwine have no

Ohotrl ctions, in *the Fform of either welded seams or nrg-—
acting 2askets, that they b2 true, i.z., without cudden
chan%ec, and that ther De as ehort as vonsidle and inum-
lated. In condensute chambers with horizen L“l atear in-
lets, the side tans and the conacctiny lires rust lie in
the same horizeontal vlane.

defore startirg tho tost, necordiugly, conre muat beo
token *thet the chaunbers are 7filled with condensate or wi-
ter. Then necessary, the chamberg are to be cooled, '

184, The zerc moint is to be cheaked bofcre and niter

tha toet.

P -
1 a

U

shonld b2 reand directly

+

from

Tnhe
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tial pressure meters. The smallest metering area should
be so chosen that the displacement of the seallng fluid is
more than approximately 75 mm.

135, The average of the two differential pressure me-
ters is to bYe used in the calculations. If the agreement
of the two differential pressure meters is within a per-
cent, an additional tolerance of =*a/4,

£0.5 percent, is to be applied to /P, - P, and thus to

the discharge in order to take care of the possibility of
error of the differential pressure nmeter.

136, If the manometer reading changes slowly by more
than 5 percent, the average value is not to be taken of
the readings dut of the square root of the readings.

Short-period fluctuations of the order of *3 percent
may be taken into account by means of frequent readings.

b) Tolerance for Y,

137. The density under the conditions upstream from
the throttling device must be measured with the same care
as the differential pressure. Consequently, there must
be known: for water measurements, the temperature; for
steam measurements, the temperature, the pressure, and the
relation of the density to the pressure and temperature.
(See also paragraph 64 ff.)

138, The temperature should not be measured too far
from the meter (see paragraph 65), observing, however, the
installation prescriptions; thermometers of known accu-
racy are to bYe used. It is recommended that a second
thermometer of another type be used in a different loca-
tion,

139. Pressures up to 3 atm abs are preferadly read
with mercury; above that Bourdon tube manometers of known
accuracy are to be used. Care is to be taken with the
Pressure tap that the bdore is flush with the wall and has
no dburr. With high values of m and large differential
bressures, the pressure P, is to be read in the plane of
the differential pressure tap. (See paragravh 65.)

140, The absolute pressure and the absolute-tempera-
ture (273 + t° C¢) can be determined with careful manipu-
lation to %21 percent, and 0.5 vercenrt, respectively. The
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devendence of the dentity orn pressure nnd temperatare in
the case of steam is known (see references 7, 11, and 132)
within 20,7 percent up to 2bout 50 atm abs. The total
tolerance for Y; 1is determined bv the law for comdining
errors to te v/l + 0,25 + 0,49 = 1,4 percent nuprovirate-

ly. In determining the *olerance for tae dicchnrge, 1t isg
to be fijured at half-rate, or =0.7 vercent, cince ,/ Yl

enters the matter. Fer separate tolerances otlLer tiesn
those glven adove, the total tolerance for tae deacity
must be corrected accordingly.

Cl
~te

¢) Total Tolerance

141, The total teolerance is to de detorﬂinod from LHiwe

individual tolerances for a, ¢, /¥, , and /P = B, by *Le
law for combining error. Two exemples arc Iiven:

a. In measuring water with a »asic tolerance of

0.5 percent for o, an sdditional teler-nce of
+2.5 percent for pine roughkavss, o z0.1 nercent Tor
v 7y, and of #0.,5 percent Tor J T the total
tolerance isg N/?.cﬁ + N.05 + WP = 0,9 ner-
cent.

te In measuring stenm with o daric telerorce of
0.5 mercent for «, an additicnal toleovence of

+0.5 percent for nipe roughkness, n tolernuce of £3,70
rercent for €, of £2.,7 n-rcent for /Y, and of
0.5 rcent for M/Pl - P the tota2l teolerance is

_“*___uhﬂm_“mg~mntuﬂm_MMMEU“.
4

*
J/0.25 # 0.25 4 0,05 + 0,49 + 0.25 = %1.0 percent.
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D. EXAMPLES

l, Colculation of the diameter of throttling device for ziven service con-
ditions and a chosen differential pressure (cxamples 1 to 3).

2+ Determininz the discharze for a given throttling device (examples 4 and
5).

Given: Discharge
Sought: Diamcter of ¢ Example 1, Flowing material, Water

the throt- J " 2, " " , Dry air

tling device | " 3, n " s Superheated steam
Given: Meterinzg

-
|
Arrangement { " 4, " " , Suseriaeated stean
Sought: Discharge Y 5 " L , Moist air

EXAMPLE 1
Flowinz material: Water

Given:

40,000 kz/hr
100 mm

laxirmm discharce

leasured line diameter

tiaxirum differential pressure 100 rm (Hg - H:0)
AP = P, - P, 1255 kg /2

(with mercury and water at a termeraturc of about 200 c)

2 & )

Souzht: Diametor of the throttling device.
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Item Hozzle L Orifice |
_No. __3'__4__.1)___.1,_._ é___j:_._ —
1 tWater termerature _ oz 15 100 | 15 100
2 |Density of water, v, kg/m3 | 100C 558 1000 958
3 |ma from paragraph 43(b) of the ! | 5
Standard; see also Data Sheet 4 - 02545 C.E?OSE De2345 | C,2806
G from figs. 19 & 20, Data Sneet 4| -- C012 1 CeCld ., (Ca870) C.672
5 |m= B4, (item 5/item 4) - 0.221 | 0.2665 | 0,425 0,432
: I
6 {Reynolds number Rep (from Date !
Shest 7 at maximm flow) -- 122,000 482,000 173,700 77,000
7 |Rezynolds number at the tclerance | i
limit - 110,00C (119,006 157,000 113%, 000
8 | Discharge at which the tolcrance ! : |
limit is reached Gp = G ggg» xg/hr | 35,500 3,000 ! 42,3DC§ 10,70C
9 | Correction factor for pipe rough- i
ness (for nozzles, fig. 23a, for ; i |
orifices,fig. 24a, Datz Sheet 5) S — -- 1 1.002! 1.0095
10 | Correction factor for lack of edye | |
sharpness (fig., 24b, Data Sheet 5)| -= | - = 11008 1.0075
11 | Corrected value of u, a, - ; - - C.d?l; Ue 683
12 | Recalculated volue of m using } } i
tle corrected value of uw from E !
o - — c.-;lsj 04425
1 ' ;
13 | Diemeter of the throttling device f :
d=,/mD? (at measurcment temper- i {
ature) rm Z3 ZEeE 1 Chef 6342
14 |d at 200 (V2A stecl) fige 17, ! 1’
Deta Sneet 3 i J31 DBu4l B4.8] (5.0
15 | Basic tolerance for u (above tue ! i
tolerance limit) ocrcent | 0e5 Col | .51 CeS
16 | Additional tolerarce for »nipe : |
rouzhness serceat - —_— 1.2 1.2
17 |Additional tolerance for lack of |
edze sharpness perceant —- - Qe 0.8
18 [Total tolerance for a
J(Ttem 1592 +(Ttem 16¥+(Ibem 1732 inorcent 045 0.5 Lod, 1.4
19 {Tolorance for ~/?1-Pg {acsumed i
reading on U-tubo manometar) noreont Ceb 0.5 Celd T
20 |Tolerance for ./v (assumed) nercent 0 01 o 0
21 |Tolerance of the measuremert E ‘
i i
J(Item 182 +(Item 1P+ (Item 20)2 jpercent| 0,71 0,71 1.5 1.5
mme e ! S G SO |
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EXAMPLE 2

Flowing material: Air

Given: Maximum volume discharsged Q = 1300 m3/hr*
at standard conditions 0¢ ¢, 780 mn Hg
Maximun differential pressure L o= 100 mnm #H_0
LP = P, -~ P, (at 209) = 100 xg'mz
sir temperature in tae line t, = 500 C
Ty = 3320 X
Mcasured line dliameter D = 3060 nmn
Barometer reeding at 10° By, = 755 nu Hg
corresponding to Py = 10,285 kg/n=
Gage pressure upstream from
the throttling device P, = 450 nn Fa0
resszure upstream fronm the
throttling dsvice Py = 10,715 kg/u?

It is assuned that the differential pressurc meter usced hag
& scale divided into units of the discharge, so that it is celou-
lated with a constant averase value Tor e. {Sue paragraph 113.)

Sought: Diamcter of the throttling device

Itenm ' !
Fo. iiomzle ( Qrifice
1 | Volure rate of flow sta.e®/nhr! 1300 | 1300 |
2 | Factor for recalculeting to measurcment ; j
1144 i o 9220 | 0.9220
cornditions, —~— e 92 Ne922
Py Ty | | ‘
(P; = 1028 kg/m® myp= 273° x) i |
(see equation (10), Data Sheet 3) ! !
P, ~ P f (
3 | Pressure ratioc ~if———i {009 | .0093
v] 3 i
! ‘
4 (€ for m= 0.2 (ectimated from Date ; ! |
P, - B ' i |
Sheet 6 for 4/9 22 (gge para- :
h2d i
*1 Dy ! .
graph 111) | -= L 0.8F7 €08

!
i
y
| i
' !
!
i

5 | mu from paragrapnh 43 (See slso Data

Sheot 4) —— 041430 | 0.1480

6 | u from figs. 19 and 20 (Data Shect 4) - | 0,995 . C.&20 :
s !

- ; ‘ _

7 lm= ;éf (first approximation) - La1440 | GL2CCE

*Sce footncts on mage






*Standard coaditions are 760 mm of mercury and 0% ¢; see Item 2.

1t
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Item Yozzle [Orilice
No. I
8 |Reynolds number Rep at maxirmm discharge (from Data I
Sheet 7) — ‘92,000 02,000
9 |Reynolds number at the tolerance limit Re i
(paragraph 45 P o~= (75,000 55,600
10 |Discharge at which the tolerance limit ie reacied,
Re m td.
QT = Q ﬁgﬂ ms/hr 11070 755
11 {Corrected value of ¢ for calculated value of m
(from Data Sheet 6) _— G527 7.e99
12 {Now ma is to be recalculated: _— D.14XC T (L1430
as compared with the first assumed velue, there
is no noticeable difference; a and m may be
rotained as in Itoms & and 7
13 {Correction factor for pipe roughnass, from Data
Sheet 5 - -1 1,000
14 |Correction factor for lack of cdgzs sharpnecss, ;
from Data Sheet 5 -~ I e
15 Corrected factor for the effcet of viscosity, Irom + i
Tata Sheet 5 —— - --
16 |Corrected value of a, a4y -~ 1 5.9221 0.620
17 {Correccted value of m, n», -, 0.144) 0.230
18 |g=y/ m,0" at temperature of measurement rm 112.8| 144.1
19 {a at 200 (aluminum) fig. 17, Data Sheet 3 om 112.6| 143.8
Tolerances
20 |Basic tolerances for «, from Data Sheet 5 lpercent 0.8 C.5
21 |Tolerance for pipe rouvghness, from Data Sheet 5 !percent, -— ——
22 |Tolerance for lack of edge sharpness, from Daia l ’
Sheet 5 percent - -
23 |Tolerance for q wercent 0.5 0.5
24 {Tolerance for ¢, from table IT nercent 0 0
25 t{Tolerance for P, - P wereent 1.2 1.5
(from data of *the manufacturer of the differen- |
tial pressure meter, asplicoble in percent of i
the narticular theoreticel value in the guoran-
1 tecd metering rangc) (estinated)
26 |Tolerancc for , (assuned) lpercent 0.2 0.2
27 {Totel tolerance of the measurencnt, ;
N/(Itcm 22)2+ (Item 24) 2+ (Itenm 25) 2+ (Iton 26)° 'sercent 1.
SIS TGN SO .

. o
il

as in equotion (10) refers to standard conditions of 1 atmospaere (1 wzf
and 200 ¢,
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FXAMPLE 3
Flouving nateral: Superheated stean
Given: Maxinun discharge ¢ 40,000 kg/hr
Moxinwn differential pressurc = o PaC o=
P, - Py 5588 l’:g;lgmf
(ot 200
Pipe lineg diomcter D = 200 nmn
Stean wressure upcstrean from the
throttling device Py = 12 atia oo
120,000 ki jre
Steam temperature t, = 3600 ¢
Specific volume (from Kmoblauch's
Stean Table, 1932) v, = 0.2432 /g
Density vy = 4,112 kg /e
The differential pressure rnetar is a float manoneter, with a
scale divided intoc units of flow, ©o that it is caleculated with
a constant value of € sec¢ paragreph 117.

Sought: Diameter of the threttling device
S N
Iten
N O b e~ s e« e aeman err— e
1 |Maxirmun discharge wa/hr Q0,0QUf
2 |Ratio of pressures P1- Pz . - 005!
B (B, -P>)
3 j¢ estimated for m = 0.2 and e =0.022,
Py
from Data Sheet € ~ 0.085
4 |me from Data Sheet 4 (sec also paragraph 43) - 0.51688
5 la from fig. 19 and 20, Data Shcet 4 -- 1.074
5 n = ggp - 0.421
7 lma for e, | 0.
8 |a; frem figs. 19 and 20 (approximation sufficient) -- 1.07%
9 |my, from ~§i { - C.42
10 [Reynolds number Rep at mexirum discharge* (Data k
Sheet 7), extrapolated b e 13,000,000
11 [Reynolds nwaber Rem ot the tcleranco linmit - 200,000
12 {Corrcction factor for pipe roughacss from Dota
Sheet 5 - 1. 00
12 {Correction factor for lack of edge sharpness % -- -

*In industrial steam measurement, the Reynolds number generally lies so high that

-

i
Nouamle Orifice;

40,000
0.05°

0.5131i
0.77%
0. 6591
C.5140,
0.7791
0. 5E0]

7,000,000
270,000

1.00°
o

a trial to see whether it lies above the tolerance linit is not nccecsary.
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Ifem Nozzle |Orifice
No.
14 | Corrected value of a, ap -=- 1 1.07¢| 0.783
15 |Final value of mn, m, -- | 0.481] 0.087
16 1d = ¥/m;D2 at temperature of measuremcnt ma ! 138.9) 142.1
17 1d at 20° ¢ (VRA steel) ma | 137.8) 161.0
Tolecrances

18 |Basic tolerance for «, 7rom Data Shect 5 paoreent 0.5 0.8
19 Tolerance for pipe roughness nercent 0.5 1.5
20 |Tolerance for lack of edge sharpness nercent —-- --
21 |Total tolerance for « vercent 0.7 1.7
22 |Tolerance for €, from table II percent 0 1.5
23 |Tolerance for ,/P, - P, (from data of the manu-

facturer, applicatle in the metering range) vercent 1.0 1.0
24 |Tolerance for /% nercent 0.7 0.7
25 {Total tolerance of the measurcment

v (Item 21)2 +(Itom 22)2 + (Item 23)2 +(Item 24) ¢ | »orcent 1.4 2.58
EXAMPIE 4

Flowing matcrial: Supcrheated steam

Given: Standard nozzle

Sought:

Material, cast iron

d = 40 mm at 20° ¢

Mcasured insidc pipc diameter = 100 mm

2
Ratio of areas %= m= 0.16
Installation Standard
Gage pressure of steam 40.5 atm
Steam temperature 4000

(Hz - ED)

Weight of flow G kg/hr at a differential pressure of 525 rm
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Iten -
Yo. Metering and Calculation Results Nozzle
1 | Gage pressure of the steam upstream from the nozzle
(corrected according to the manometer calibration
curve and considering the column of water in the
manometer line) atm 40.5
2 | External air pressure B, at 0° C nm Hg V67
Po atm abs 1.043
3 | Absolute pressure of the steam upstrecam from the nozzle
P, atm abs 41.54
4 | Temperature of the steam upstream from the nozzle &, oc 400
5 Density of the steam upstream from the nozzle Y, kg/n? 13.94
(from Knoblauch's Steem Table, 1932)
6 | Differential pressurc (measured a«t 220 C) h nn 525
(Hg-Hz0)
7 | Differential pressure P, - Pp= hlyy' -7v') kg/me 6580
(see equation (3), Data Sheet 3)
. P, - Py 6580
8 | Ratio of pressures P = 15 4350 c.0158
9 | Expansion factor ¢, from fig. 27, Data Sheet 6 - 0.993
10 | Discharge coefficient @, from fig. 21, Data Sheet 5 - 0.995
(sce footnote to example 3)
11 | Correction factor for nHine roughness -= -
12 | Correction factor for thc diameter of the nozzle at 400°
(from fig. 17, Deta Sheet 3) - 1.010
13 | Weight of flow G, from equation 1, Data Sheet 3 kg/hr 080
Tolerances
14 | Basic tolerance for « from Dota Sheet 5, fig. 23 percent 0.5
15 | Polerance for € from teble II percent 0
16 | Tolerance for reading the differential pressurcs/P, - Pp
(with U-tute manometer) percent 0.2
17 | Tolerance for ¢ (including tolerance for pressurec and
temperature measurement) percent 0.6
Total tolerance of the measurecment nercent 0.81

18
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EXAMPLE 5
Flowing material, Moist air
Given: Standard orifice d = 2082,8 nn ot 209 C
Mcterial, V2A steel
actval inside diameter of pipe I = 400 an
Ratio of areas % =p = 0.5
D2
Installation, standard
Sought s Volume rate of flow Q referred to stundard coadi-
tions, m3/hr
[Ttem . . _ - T O
No Metering and Calculation Recults Nrifice
. e e e e e e e W SO -
1l |Gage pressure of the moist oir wupstrear: from the orifice iy B0 S?Og
2 |Extcrnal air pressure By at 09 O o Hg 759.8 |
P, ke/m® | 10,330 |
3 |Absolute mprassure of tho moist cir wpstream from thw. erifice |
P, k;/m® | 10,700 i
4 |Temperature of thc rmoist air wpstreom from the srifice t, o¢ 603
s b e g 1 s e S e e i ey s s ,_Y,_. USSR}
5 |Relative humidity o e ol 0,701 1.00!
6 |Density of the saturated woter vepor (at t,), T T e T i
Yp rg/m® {0.1301(0.1301 | 0.1301
7 |Density of the water vapor (ab its partial f
pressure) ¥ Yo i [ra® 0 }0.0911 {0.1201
8 |Saturation pressure Pp of the wnter vapor at
ty (fron Znobleuch's Stenm Tables, 1932) e /me 20211 2031 2021
9 |Partinl nressurc of the vapor in thn noist air
(rmproxirately) @ Pp ey = C| 1422 2031 |
10 |Partial orcssure of the er air constitucent
P, =Py Lg/r® 110,700 9378 8689
11 {Density of the dry oir coastituent (from cquo-
tion 9, Data Sheot B)7y tr ko/m® | 1,097 ©.951 | 0.889
12 |Donsity of the moist air Y, = Ygr + ’YD kz/rd | L.097| 1.042 | 1.019
13 |pifferential mressure (aecasured at 20 o) vt ;O 254 254 | 25k
14 |pifforeatinl pressure 1B = P, = hoyy kg/o” 24 B854 | 54
P, - P 254 ‘
15 |Ratio of pressure —b——=8 = ——r -~ l0.023510.0235 1 0.0235
- Pl 10700
16 |Exponsion factor ¢, from Datro Sheut © - 0.983) C.983 | 0.993 |
17 |Discanrge coeofficient «, from figure &2, " ;
Data Shcet 5 - 0.69C) C.506 1 C.,694.
U PP SN VPSS GUUO UG HUIIUSS DU U P e e
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Item ®
No. 0 0.70] 1.00
18 | Correction factor for pipe roughness -- -- -- -=
19 Correction factor for lack of edge
sharpness, from Date Sheet 5 - —-= - -
20 | Correction factor for the effect of
viscosity, see (25)*;(Rep > Rep) - -- -- -
2l | Diameter of the orifice at measurement
temnerature d, mm 283.1| <83.1| 283.1
22 | Volume rate of flow of moist air under
measurement conditions, from Q,
equation (7), Data Shcet 3 m®/hr| 10,550| 10,820| 10,930
23 | Volume rate of flow of the dry air con-
stituent at the partial pressure of the
air, P;- @ Pp and t, OC m®/hr|{ 10,550| 10,820 10,930
24 | Volume rate of flow of the dry air con-
stituent under standard conditions
Yt Std.
0 - r 7,530
(0° ¢, 760 nm Hg), Qp= Q VEF' iy 8,950 7,950 ’
25| Reynolds number Rep in which 7 is
assumed for dry air (since figz. 29,
Data Shest 7, is not sufficient to
allow the calculation from equation (13) -- 500,000 | 400,000 {400,000
26 | Reynolds number at the tolerance limit
Req -- }170,000{170,000170,000
Tolerances
27| Basic tolerance for «, from Data Sheet 5|percent 0.5
28| Tolerance for pipe roughness, from Data
Sheet 5 percent 0
29 | Tolerance for lack of edge sharpness,
from Data Sheet 5 percent 0
30| Tolerance for €, from table II - Y
31| Tolerance for reading the differential
pressure on the U-tube manometer for
JP1 - P, (assumod) percent 0.5
32| MTolcrance for ./¥ (assumed) percont 0.6
33| Total tolerance of the measurcment
v/(Item 27)%+(Item Sofa-(ltcm 31)8+(1tcm 32)2 percent 0.93
L

*Reference 25,
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P. IVDEX

Accentaones standards T, lRL be 121
Added pives ez 1
Annulnr chnnbars T3, 27, 55 1
Arens, ratio of 1L, 43, 75 |
nloance, ring il
Bell float rancrcters iz%
!
Calculation, of discharsie 27 g
, o the diarmeter of i
the opening a3 | =
, 0f the tecler~rnce 54, Eb
Capillority offects 20,112
Centoring of %the tharottling device 22
Characteristics of noterials 7
Cnlinidal ccluticns 11
Combining errors, law for 6, 5+, 60
Compreesibility factor §g E;
Condenczate, measurement 171, 141
Condensing chambers o 122
Connecting lines 8%, 128 to 127, 172 |
Contraction factor g2
Corrections {sce Idge sharpness,
Pive roushneszs, Viscosity, ete.)
Densits a4 Lo €9 7
Deviations from the ctandard 8
Diameter of opening 49
Diaphrasgm differential pressure meter 124
Differeantial precsure 4, 81 to &3
Differe n*ial pressure meters 61, 1.1 tec 115 |
Discha 4 i
DlsckaTQﬂ coefficient 2, 44, 45, 48 and &0
Dispersion, degrce of U
Disturbances of iastallations 5 S
Duct-ceutaining gaseq 25
Edge sharpnesc 17, B2 +to 54 ? 5
Elbows 2
Engler degrces, coaversion of ; 7
Errors, law for comtining &, B4, &0
Examples (for water, air, superhented i
steam and moist jgases) pp. 31 to 77
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bals)

Expansion factor
Float manometer

Flow

Gaskets

Inlet of pilpe, measurenent at
Installation
Installaticn, disturbances

, length
Law feor combining errcrs

Manometers, bell flont

, Tloat

Measurement, at inlet of pipe
, ot outlet of pipe
» 0f condensate
s 07 stean

{folsture in gaszes

Yountinz ring

Mud-containing fluids

Woncylindrical pipe
Nozzle, sce also Standard nczzle
, discharee edge
cee also protective rim
, manufacture
s, range of use

, shape
Opening, diameter of
Crifice, see anleo Stendard orifice
» ed#e sharpness
, manufacturoe
» ranie of use
. shape
Outlet of pipe, measurement =t
Pipe, diameter of
y exXpanding
, nonevlindrical
» roducing
s roughneessg of 23
Pives, added
Poise, convercion
Pressurec, differential

o. 982
Te. of voarcgrazh
£4 tn EG
120
17, 12
25, 95
a8 to 1l2
€4 tno 36
0
<, 5%, €0
123
120
Q¢ to 102
S€ tco 102
131 to 141
171 to 141
3%, €5 54 GO
z2, 95
2
27
21
15
14
l‘.q'.', 15
40
17, 52 tc¢ 5%
17
16
15 tc 13
36 to 142
27
6o
27
Al
, 47, BEC, Bl, 54
on
4, 61 to 53

NJ

1+

[9)!

~3 -
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To. of aragran:

Presgsurc, measuriang woint 65
, meter, differential 51, 111 %o 115
Precsure ratio, sunercritical 100 $o0 106
Presgures, ratio of 10T ot 100
14

Prezsure taps
see aleso Annular chambers

Precsaurc taps, single 29
Pro7ile, of the nozzleo 14 and 17
Protective rim, of the nonzle 11

Ratio of areas

H
s
. H‘_\‘

Y]

-3

[e})

1
Ratio of mnressures 1798 %0 175
Ratio of pressures, supercritical 10% %o 10¢
Reynclds number 72 and 77, 70 to B2
Rim, vrotectiwve, of nozzle 14
Ring balunce 121
Roushnegs, of nipe 28, 47, 67, 51, £4
Semarsation, of gases and vapora 2
Senarator 25
Sharprnces, of orifice edsge 17, 52 1o B4
Single mressure taps 29
Svace albows 32
Standard conditions, conversion to 39, 23
Standard nozzle Li, 15
sce also Nouzle
Standard orifice 13 te 15
gsee alag Crifice
Strundards, acceptance T, 171 %o 141
Standards, deviation fronm
Stenan mezsurement 171 to 141
Streigutoning vane:z 33
Supercritical vrescure ratic 130 40 108
Tros, Bracsurce X
, single =
soe aldo Annular chambers

Tomvpzrature measuring noint a8, 173
Threttiing device 5
Toler~nce limit 8, 46, 81
Teleroncers 1, &, b4&, EQ, 50
Veolves 7.4,
Visconity 2, BL, 70 tc TR

, oFf ©as mixtures 71

Translation by Lyman ¥. Von der Prl,
Pittsbursh Fquitadble liecter Co.

]

|

[ea]
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VDI Flom Meter NOZZLE AND ORIFICE FORMS
Standard

Data Sheet I

A. Standard presoriptions for the form and pressure taps of standard nossles and orifices
(See ﬂ 14 to 235).

N L gamd
T I Gead (Protestive ric I NQ\K l
<02dRS N _, hot obligatory) A N
_E' N s 2 N /,‘{300
Q (S5 a
o ]
~ < go3d AR ~
o
o M ° Mg. 3 1
© g I l.t
—_— & —t- - - —_
’
! Pig. 2 :g 20.02 » e Fig. 4
o
© SeofF18
E ﬁ \ \ in text
o - H \ HS
k b-nd _—\,k.‘;f s010
< Turn out < @ < ] \ [
=4 to D 20030 $q030
nen - -
Standard noszle for » <0.45 Standard nossle for m 2”0.45 Btandard orifice Sharp edge
B. Non-obligstory exsmples of sanufacture, N tori
spplicable to nozsles and orifices Ausgleichieiting f gp::r::u:x Section A-B

a. Single taps

PMg. 6
Figs. 7 & 8. Sinflg pressure taps with
Mounting throttling devise . Annular chambers ::::‘x;nr::eggl‘ul sing line for gae

=

——
Fig. 13
0. Por pipe diameters below 70 ma (see F} 2)
’ 1 ------------------------ mz[‘
— 4 | — b
[ | Lk
Upstream sdded pi i Downstreas added ; i o
= 10D pipe pipe =% AD bpatr;l16?)ded pipe 7 Dovn.gen:)pldded pipe

Fig. 14 Fig. 15

Fige. 14 and 1f. Instellstion types with added pipes for pipe dismeters below 70 as.
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vO[ Flow Meter NECESSARY LENGTHS OF STRAIGHT PIPE
Standard

A. Neceesary disturbance—free lengths of straight pipe(in pipe dismeters D)
ae a function of m, with elbows and valves near the orifice

R,
~
~
}
~
»

oo S TTITD SO

|

Standard |§

=Y Y

13 §

b H §

Nozzle Ex 3
3 N

3 «

LV -

N

3

£ Volochen ven )
A Vutochen von D
|
\

i

1
ar ‘;v_‘ e qr  ar o ar "4- ¢ & @
Standard PR RARY S T
g -khq;, | Q \ ? I .
Orifice % §,.—t T i1 EEB:‘Eﬁ:{:} H sl i
& il $ 3
P AR 24 3 NEs H
S asalh====2= S
o N A
¢ & & w P o e o F o & &t e &
—_——n —_— —_— —

o~ Igpan
L S i~ o
s L 274 T T - “._L LA ? v B
£ + - ———
3 T I = Ha HE====)
[ SO < Ry — 3
= ,,,_fu [ 1 £ < H K \f
tomme 201 b4 3 . { N
x o[ S e
> e 1 H=—4 =7 | =
0 ar  qe o B ARS o _& 4 !
o T
”
sl / 4
ol
0 ]
. 4 |
TR SV ARER
3 "“@m¥ii}”mig - % / 13
K ol ‘;EEEiEj:Ej & R ————
S s £ : 3
© 8 £ T -
5 - S T H ¢ '3
e e T e Sl LD B
4 o o I B o e ] Is oL . I 2y v W
———m — —'n el
Einzelanbohrung - Single pressure tap
Ringkammer - Annular chamber
B in Vielfachen von D - E in pipe diameters D
A in Vielfachen von D — A in pipe diameters D Tatle 1

Ratic of areas T orir;
of the valve. Nozzlen Orifice

B. Ncceesary disturbance-free straight lengths of pipe £/ ¥ 0.110.240410.4[0.3]u.1jo.2j0200.4 |05
(in ripe diameters D) betwsen throttling device and i Einsciasootreng
dste valves for different ratios of area of the valve T

ofwsofiofe0Tus [1m] 740!
0050010 [ 138! 4030 80| 20
o J1s{ia 0
s

1s
f/¥ = area of the opening of
the valve crows~sections
area of the pipe, (approxi-
mately = ]ipt of gate/total
possible 1ift).

5

Data Sheet 2
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VDI Flow Meter FORMULAS Data BSheet 3
Standard .
e [ ” [d‘ s) Krupp V3 &
r i . k=—¢ r V5M steel
\_‘71 (;;,71) _ ‘d *0 5 ap / b) Cast steel,
s V rey cast iron
g e £ wrought iron
Abb. 16 ~ / o) Niokel
S 1om 1/6‘//// d) Red brass
;3 /a e) Krupp V2A steel
4 £) Aluminum
A, f:;o::;o::rz:::l#?%)r liquids, gases § 1009
G-gonszeced® vy, VBB [kg/h] (1) 1000
! 0 w20 o0 #00% s00
0'0,0735205{dllr%_V1‘/; [m‘]/h] (Z} Teapersture Ty

Fige 17 ~ Temperature correction for
B. Special formulas the erea of the opening.

If the differential pressurs is not measured

in millineters of water, 5-4 A (py %) (3)

is to be substituted in equations (1) and (2).
For 7% snd 7*’see Table 2.

a) For liquide, & = 1 ,
For water with 2~ 2 "= 1 kg/1 and with mercury
at 200 C as the manometer fluid (for other tem—
peratures, see Table 2);

G=1403 0c A*VE [kg/h] (%)

b) For dry steam
With meroury and water at 20° C in the manometer:

G-0on3s a €22 Yy, VR frglt) (5

For other temperaturss of the manometer fluia,
soe Table 2.

o) For gases ’
7'1e usually negligible compared with?; s, 80 that

AR gy
§-00125% &€ g‘ V5 Vi Ve [kg/t] (6)
@-00125200 £ AEVEV VE [m¥%]  (m)

C. Formulas for 7, "‘1//»\4’

77 is taken from tables (see Data Sheet 7) for the
proper working condition or is oaloulated from the
oquation of state:

a) For dry gases:

Fiin }27?’ 77[@/”".?] )

b) For dasos mixed with dry water vapor:
7§20 Ihgmd
7 -
GV A8 9)
For the error in 97 when humidity is not considered,
ses kig. 18. Freguently the density must be de-
termined from the flowing fluid, by means of samples

or with the density meter, and coanverted to the
service conditions.

D. Conversion of the measursd gas volume G to the dry
state and etandard conditions.

, VEE Y
Kor dry gases, 9 .np1252 0 ed? —’;7’;1 7}757” z [nr¥%)(10)

g7 (p.
{sF:: ”geg e:beéﬂn 01252 00 & dl}-%—,i(g rz/; fl’,l{[;lm}//y 11)

Approximate equation with half the error of Fig. 18,

et A G By <
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VDI Flow Meter

Stendard FORMULAS Dats Sheet
(continued
[¢] Weight of flow (kg/hr) /‘n Density at standard conditions.
e Vol rate of &10' (a%/Br) ot messureaent P Absolute pressurs at standard oonditions.
oonditions Pl’ 1° n
% Volume rste of flow (IB/hr) at standard con- Tn Absolute temperature st standard conditions.
ditions P Tye Ty Temperature st messurement conditions.
A Discbarge cosffioient from Dats Sbeet 5. K Faotor for the deviation froa the idesl gas
&€  Expansion factor from Data Sheet 6. lew from Data Sheet 9.
= _1 Density of the material (kg/an?) at measure- Density of the dr
= s y gas st the partial ssure
7 ¥ ment conditions Py, Iy i under measurement conditions P,, Ty (i rg .
v, Bpecific volume of the material (la/kﬂ) at
méasurement conditions P,, 1 D Baturation pressure of water vapor at Ty.
PI-P2 Differential pressure (kg/n?) g (== of water) (Partial pre.lur02;§ the water vapor =
P n -
d Diameter of the free opening of the throttling ? D (ke/
devioce (mm) st measurement condition Ty ? Relstive humidity, the ratio of the weight of
o water vapor to the weight of water vapor at
dyy Diameter measured at 20 (nm). saturstion un%er megsurement oonditions
42 2 a2 . k (See Fig. 17). Pp Ty (kg/kg).
Tp Density of theg;usurn.ed water vapor st
h Differential pressurs manometer reading (mm). PD (kg/m3).
,
25 Density of the menometer fluid (kg/1). P, Absolute pressure at the standerd pressure tap
o n.n.xe{ of the patorial in the lines to the logation upstrean from the throttling device
manometer (kg}l’. (kg/n2).
P2 Absolute pressure at the standard pressure tap
loocstion downstresa from the throttling device
(kg/n2).
Table 2
’ Values of the numericsl
o Deneity 7,{{/{7/1} constant of eguation
Ha) \B02) 7’| (%) | &
0 | 735% | too0 72,596 | 19058 | Govrss
w | 735 | 1000 | 7251 | 19092 | Qovesr
20 | 73546 | gg9s | 72508 | 14029 | dow3s
¥ | VS22 | 099 72,526 | 19077 | Q0%833
0 | 73497 | 0992 72,505 | 14005 |Qovsz9
| 73413 | 0988 | 12485 | 1399% | Oov#25
S
é 20w
A \ ,I T
-y ’,""\\E& e .
o4 Ai
}: & §' Jlr 410'
6 ° 0
g _ hy ”‘0. — 309
a 4 T T T IR Se— o
be] 7,8t 20° and 1 etm. sbe. [Thgo
LI/ 1 " I i L 1 1 3
P 0 ar oy 06 a5 w 13 1% 16 wskgm
-4

fig. 18 « Devistion of the density of the
ssturated gas at 1 atmosphere
sbsolute and at O to §0° C from
that of dry gas.
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VDI Flow Meter DETERMINATION OF DIAMETER OF THE THROTTLING Date Sheet 4
Standard DEVICE THROUGH THE DETERMINATION OF m o
178 4
14
(13 Fig. 19 /
B Determination of m & for the standard nosgle. i
172 (see H 43 of the standard; the discharge equation is solved /
721" "tor m Of, the pertinent value of & is read off and = is /
 ocomputed.) 7
N 10 a
» 4 "
: et - — (@ A
-t 2 7 at
2 Gousz £0° ), Kn-r /
s 7 /
8 106 me = 26 — (¢) /]
e Qoust e’ Yr(yy-y )
"
-
§ 104+—— (Nononflnture as or Data Sheet 32) //f ox tor smooth pipes.| |
E T
102} //
—
10 ]
By
[
i v o 7 o 7 % 7
mea
q82
as0
q78—— Fig. 20 /
Dotermination of m Okfor the standard grifioce.
976 —— (see Fig. 19) /
/
Q% /
8 g
K
s /
o 470
& /
3
8 g8 //
° /
5 / -
- 4 ¢ for smooth pipe and sharp
] / orifige edge R
2 a6 %
gsz /
080
458 -
. a7 92 a3 o g5 g5
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"I Flow Meter DISCHARGE COEFFICIENTS, ADDITIONAL FACTORS, AND TOLBRANCES Date Sheet §
E£tandard FOR STANDARD NOZZLES AND ORIFICFS
1”0 1 I T T I T r T T T
L Fige 21 | Nossle vl pig. 22 Orifice
(se0 §45) Jj Fig- (s0e  48) 7
116 } -
L - /
m @ n | «
1% W%ﬁ
405 | 4987 ar {aamr
—1—+ 070 | 0989 an ﬂ’l P
415 | 4993 / % |a
112 0 | 0989 1%
025 | 1007 jazs | oo
230 | 1016 T an Bl |aom
- 035 | 102 @ s | dam / !
¥ 440 | 1007 / ae | aar /
B ¢4s | 1089 1 v ass | 2o
© os0 | 1081 / 25 | qow p
D 108 555 7708 | I (ass | o
a 80 | 112 a¢ | oms /
b 4’55 7783 P il s y,
§1ﬂ5"* i 4 - ? |8
® } as
?1ﬂb ’ /
3 | - /
: e 74
2 /| LA
| A 4a //
100 v r/
/ . /
| a—t-
I
a9, o 7z 7 2 75 25 o a7 92 zum A /,ac a5 [ ar
Ratio of areas ™ .
102 . _ 102 . Correction factor for Jom o
4 ! 4 pipe r hneess 50 1
g 23| | || Bt Y s1) L ‘
L Correction factor 107} wig. 24 I t :
M for pipe roughness | w g‘ | 4 " 0 | l
(neef 28, 47) LA ; et ;_,...——._4.__1—-#—-1—"]
100 @ [ S | e qo0L —1 T 200 1 i
we, 97 a1 92 ) 75 _
] gor;eozxog fncl:.or for
102 ', ack of edge sharpness
2y (sec l 52)
101 Sy e TSN ENENE
| A [ oo S T —t——— -
a3f-—- \‘Jr—-— L S . b gt e 8 N D O B 3
054 (tlorrogtiorr)ffa:tog _ RN 100 o » oo - '5
g or the effeot o rrection fap- S o
a5k - L,} _ viscosity 1 - 1o5|ter for the ef- @Q/ &’, S ,}_ A o
\ (seef 45, H%) ““tect of v‘uconty y ¢ 1o g
o%ef— L Aoy 10000 106 { (see T 48, & 5h) % s
N A N N 103 LA yail’dl y[**‘uﬂou N ~
PN 20000 b T V L1 A S
ropf <4 T3 7%% T " 10 \\1, A T 50097 °
O s | ~ o € P T e
7‘00 . 100000 § 100 ﬁ__.‘._—-\—-—‘ "T/I/‘ g
T T ' ~
# 7. Basic tolerence (see T} 44, ~ 46) :': t2; Basio tolerance (see §{ 44, % 49) ;_5
o —— ——— e — o 0,
% @ “{;selo--l the tolersnce limit o= ° % ‘@L“‘fm’»hﬂ#"ﬁvﬁﬁﬁﬁﬁﬁ'—?%-‘
ST Avove the tolerance limit o ¢gl.i Above the tolerance limit .
=
é o ad o o # d « %| Additional tolerance for 0’__50',,,”, L
¢ 7.~ Additional tolerance for v '§ ;| Bipe ruughaesas (seeﬂﬂl))_,ﬂr“___
4| _pipe roughness (see § 47)7 pisut r @ L0t - o —
7 : | b bt
- i s e
: er oz Z [ o5 a6 .. Additional tolerance for lack
HOTk: The correoction factors are to be considered 79‘,'0 “L
s~parately, the tolerances sre to be set together 7 :
socording to the law for combining errors.

0 ur 7 it e s v6
1atio of areas ™
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vDI Flow Meter EXPANSION FACTOR FOR SUPERHEATED STEAM Dats Shest 6
Standerds AND DIATOMIC GASES

A. Expansion factor 6, as a funotion of the differential pressure and the sbsolute pressure.

kxenple: for 100 mm (Hg ~ H,0) with — 2=
P; =1 sta. & » = 0.5 - S : i -
el ars 3 S S E;"t
T Eoize = ! &1
rig. 25 Epone * 9951 NS :’NE
k= 1.3 -~ ; 1“0!81. // #gﬂ I~ '\.\‘?J\. 4\2:
(Superhested Steem) | Orifice ! S~
A X e x I S -
g K ,/ r o5 i > ™
[/ Jidt ) Differential pressure, mm H.O N
7 N 2S/0ASTO ; D
| SN /T tpsinsan & | T Wrtdrch mm 5 A

g 42 quy 0% O 0 500 w000 BN 2000 2500 30W 5500 40

Bxpansion factor T R R R TR TR TR 1)
Differential pressure, aa (Hg-HzO) £1 = 30 atm.
Example: for 100 mm Hg with p; = "y
1 stm. and » = O, - : e e s Sk i i
stm ) .‘5”” o ' g .~ = \‘:-_E::_:‘E;-m.:
Enpnte? 0950 Z, N S S T M e
rFig. 26 (Y 'Nossle // 4_;44,,; ) ‘&\.‘\\’\*
k=1.4 4 : i €] *; T 2Tl
LT 0 Z Orifice 1 N Ny
(diatomic gases, air) > I P o 1 I3 _T-F N S
n - /// W/ L i >
e H
| A // i -4 -1
i /t’xpﬂn{zhmqﬂ/ K Wirkaruch mm WS | |
Q%0 492 2.3 qes [0 g 500 1000 Bo0 200 N0 3000 R o0
[ i 1 1 1 1 Jl 1 1 1 1 1 A 1 A
g 174 & 20 o 200 20 22

Differential pressure, mam Hg

B. & as a funotion of the ratio of the differontisl pressurs to the absolute pressure and for
greater expansions. (For other values of k, see Fig. 5 in the toxt.).

L 140
T 4. T .
L Hg_ 2'7 4 M (4— Pig. e‘
H— k= 1.31 - H— ke 1.4
— (superheated steaa) - H— (distosic gases) 7,
T 7 mem T 4 L—«nﬂ
y ; 7& 4 B
7 I T AL T
/ A /
Bt.ndu-d/ no’/’l}[ C A Lt Standerd nossle '/ [/, /% w
/ / A2-§ v | A%
4 7 v/ 4 7
AT T §0 AR L d
i V' I/ /V/F | Stendard orifice o // J4 //// Standard orifice o
{‘/ / ’/1 5 1] @'Q ‘u“i //// / / /4)1/
3 87/,38V1 A% i
A H?/ avs// 4 A ay A/)
b / LY / ” P, ARV 2o
s 71T T AT '
n.ﬂ (/ AL v / / /f 4 1 . (/‘]/// { /
N : 7 /
S AT A
[ 1 / / o5 s 'Y 14
o 980 e g%0 100 am 4% R 9% 1,0/’”

NOTE: The tolerances for & are to be taken fron% 57 and 58 of the text.
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VDl Flow Meter
Détmdu-do CHARACTERISTICS OF MATERIALS Dats Sheet 7
Table 3 06 Table 4
Denoh.yn and dynamic visoosity 7\.1 Dynaaic viscosity 7. 105 (kg soc/n2)
Ya [Agim3] = Hg 1- 100 [Ayo/m2) ol _nl o 0 | 1200
20°C/1 hgrem® | 0°C/760mm0S | —30°] 0° | +80°] fo0° | 200° | 300° b +10 (+20°C
Alr 1,965 1293 159 [ 197 | 200 | 227 | 265 | 303 -
o 1208 1428 o | se | 222 | 181 | use 1) of gases at the ssturstion line
Mo, CO 1,126 1,250 155 | 1,70 | 19 | 217 | 2987 Ny | 111 | 1,15 119 125 1.4
o co; 1,783 1977 190 | 164 | 166 | 189 | 232 Cor | 185 170 17| 187} 207
) g N3 0,695 0,771 085 | o | 195 | 1 0, | 108|104 125] 138 1%
fw Ch 29 3,220 116 | 126 | 150 | 172 2) of liquified gases.
- Ha 00009 0,0899 082 | 089 | 099 | 109 | 126 | 142
&g wis |258 (250 | 24 | 2885 | 226
be] CHy 0,647 0717 095 | 105 | 122 | 190 con |12 |11y | 102 ’ 72
g z Ha8 1,387 1,539 107 | 120 142 | 164 son |e96 lowa | 32 | 338 | 278
Lnll‘- 1,133 1257 - -
— | toff #:0 03 | 13 103
liQO-leox' 10,7271% 104101} » Caloulsted
L— For other technical geases, see DIN E1871 & E1872 |

Caloulstion of the R ds N
see . O ands.
- If the disch G iven in kg/br, Q in
¢ s¥/hr, oreo.ni;on:rrg:l .2}71:5. it 1s oi/pedi-n. to set

) Rep=361-10 o . . . (13
R iog EhePRerolia B % ™
o
Nomber Y nolds SR SN D

Q.
)

in which 7% @ the dynamic viscosity (kg sec/m?)

©
x

-

or = 354.10-3

TR R RR
L B s KRE S

T ll[.IHa T T

t & 2750, 10 atm.abs.

N
2
%
Y,
4

3
)
%
,

b

»
Stean

7w e e w °C s
, the kinematioc viscosity(a2/sec)

I

)
&Q

i
I .
dl
’

, & osloulating quantity

y =91

N

= ]
b

Yot : —F D sz the pipe dismeter (mm)

js 59T Fig. enables an essy determipation of_the

kit Reynoﬂo sgnber to be ldeygrophioﬂty see ﬂ% of
} the Standard). In Fig. 29, B_is given for steam,

V for water, and V' for gsses. In using the fig~
ure, N_ or Y 'for the material in question is sought
Bteam 1 to %0 stm. 4nd the start is made from the lefy ordinate into

the nomograph, as the following examples show.

v w ow o X W Examples:
1. Air st 209, volume rate of flow Q= 45 23/nr.
— L ;’l,mt Line diameter D = 20 ma. First find y' Por sir at
’ 209, go horisontally to the left ordinste snd oon-
neot the intersection with the value 46 m3/hr on the
Q line of the nomograph, continuing the line to the
. ] auxiliary line H. Then oonneot thls interssotion
with the value of 20 on the D line. Prolonging this
4% # 200  line beyond H gives Re, = 52500, approximately.
Y 2. Steam, F0O kg/hr at 10 atm. abs. and 2'v75°.
co,waet Plpe line diameter Da 200 mm. Find M , go from
the ordinate, orossing the G line of the nomograph
= _ammss s> Bt the point ?CXXJ, to the suxiliary line H. en
E=3— 1 e oonnect this intersection with 200 on the D line;
: the prolongation of this line gives Re;s 400 OCO.

Conversion of the Poise to Technical Units.

If M_is given in c.g.s. units (poise) (es in
Landolt-~Bornetein), div d§ it by 98.1 to convert to
4 N technical units, kg -oo}- .

s
e Gonversion of Engler Degrees to Kinematic Vis—
N cosity.
If the viscosity is given in Engler degrees,
conversion is made with the formula:

100y =7326— %7 . 1)
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VDI Flow Meter
B8tendard

Be

Pig. 30

Figs. 31 & 32 = Correction feotor for of with pressure t-zg
at distances 8y = & from the faces of

<
AT
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Correction factor for X

DEVIATIONS FROM THE STANDARD

9523

Data Sheet 8
A. Pressure Taps Similar to the Standard.
The broken parts of A4
:h;gourvu tn :‘;g-. 31 o } } T
app o the case ? chelen Toile
when tgo]{.pl extend to 770 F%%%ﬁ%ﬁfuz
the face of the thrott- g detreffen den fall, dal dre
ling device(as indicated | 108 Anbahrungen bis zur Wond
for 0.05D). K des Drosselgerdies reichen
(wie fir 005 0 angedeutel}
& 106—# 9’4
i |/ <
.m/"l'"‘:‘b — ~ 104 ¢ ‘[ —A
T g g 06//
// — 1T dm / // ;
Z 025 o . 0% —
/__,.. E = 4 [
g2 o o phe 8§ 0 a g 4 4 sl
a,-a, a,-a,
Fig. X1 ~ Nossle rig. 32 ~ Orifice
similar to the Standard as shown in Fig.
o plate in normally rough pipu'?uo also the

ocourse of pressure in Fig. 8 of the test).

Additionsl tolerance

Q5% up to m = 0.4 for nostles or 0.5 for orifices
1% for larger valuss of am for nossles & orifices

} with W30<(a,=ay) <420

Fig. 34 -~ Error Caused by Different Installation Disturbances with Orifioces.

Maximum order of the mstering

at the flow is
reater thﬁ actusl, = smaller

with
nossles

R'u.:lo of error to be expected, %.
sreas ( 4-indicates tg H
Installed downstreaa m hen aotua
Orifioes with Non~Standard Plste Thioknesses from » tapered ex-
and Cylindriosl Lengths. panding piece.
7 st 41 -0
e R
104 —— w ® 2. Installed downstrean
RN 9 SRR from a tapered re—
K ducer. o 2 45
103— l . "‘[:D 049 +2
/] /] =
/// / z. inlt.ned uplgre:n
8 777 ducers her T | g5 | <
/S | g 7
] 107 / feot of oylindrioal ¥
8 4 4 lengths »'. — -
3 / , Eindau i ane Rervieirg
-~ a7 s PYY e ponereren Fianechon Q18 -05
& — 4a [arer asck B 200% W00}
§ 100 —= 043 -25
b S\.M - 053 -3
Q -\ 2 o) s - -
E 098 xio:t of plate &\\ - [w‘“ «05)
cknees s. 7 diem.
¢ R A e I APY I
098 043 -25
Fig. 33 - ) RS as3 -3
(0w Disen <0s)
Correction feotor for the discharge oocef- -
ficient for non-standsrd plate thicknesses 40 <05 <7
and lengths of the oylindriocsl parts. 053 ;
s | S (aa"g}:m <05)

Effect of the oilindriocl length '
icknees s (lower ha

and the plate t

Additional tolersnoe for A * 1%

N }\)x?por half)

A\
4s. Installed in a pipe line

with riveted flanges.
(Rivets in accordance with

DIN

2604, W40.)
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VDI Flow Meter COMPRESSIBILITY PACTOR K

Data Sheet 9
Standard

At high pressures the actusl density ) deviates from the theorstiocal value Tth of the
ideal gas according to the gas law (see ¥ 66), and

Eyz 7w

In this, K -~ referred to 1 ats. abs. - 18 to be taken froa the figures below for different gases.

s Suerityfi——
"
u 2 — 717
7z % 7,-
- WX F T 2
o £ N~ s
I 4 7, oL v v
- 7 N 24°.
10 o L mmay =T
vy X1 7
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hed 4
Toum W dols 20 gﬂ [3 20 of obs X0
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>~ ] i
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0 [ 20 30 ot abs 40 ) w 200( s 00 0 v Xt abs
an 2o, [ 2% ]
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¥ T Teddiongr—+ ] " p—
. - 17 T
- — F——t —fobemoxyd—1— ; S
N SE==P NS S S
Y s e o A TR ORI
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Carbon Dioxide “o— Kebesdioxys Carbon Monoxide.a— Kobiesexye Stesn - wamerdemp/
(From "Der Chemie-Ingenieure,® Vol. II, Part 2)
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on data sheet § Fig 24d

Basic folerance shown
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Figure IX.- Residual pressure loss
for standard nozsles

and standard orifices in percent

of differential pressure Py - Pp .
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Pigures X1l ané Xlll.—

Figs. 9,10,12,13.
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Figure X .- Residual pressure loss
for stendard nozzles and

gtandard orifices for equal differ-

ential pressure and for equal die-

charge.
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= Fig. X1l Standard orifice
R Curve | for m = 0,
. 2, m= 0060
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Pzl Distance of measuring position in terms of D

Deviations of the pressure at the pipe vall fromw
the pressure at the standardiged measuring posi-

ticn, expressed in pereent of differentisl pressure (seo also A;B. 8,

fig. 30 to 32).
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Figure XI.- Flow picture and course of pressure
in throttling devices.
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Figures XIV, IV, and X¥].~ Effect of a projecting

mounting ring on the
ctendard nogzle and the standard orifice.
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gaskets on the stan-
dard nozzle and the standard orificze,
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ay IR T x\\ Figure XX.~ Values of — L4
Vag' DO \ 2g
N \\\ as functions
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2 N
e \\& 1.31 (for recalculation to
N = 1.4 e K 102).
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Throttling devices tor Ie,, and for w approx.
Fig. XNXI 4000 to 100000 0.3 to 04
Fig. NX\II 3000 to 100000 0,16 to 0.25
Fig. XXTH 3000 to 100 000 < 0,92,

\
Jid
22

21
Figures XXI, XXII and B~ Types cf throttling devices reassembled
for small Reynolds numbers.
PigureXXI - Standard nogzzle without cylindrical throat
FigureXII ~ Double-bevelled orifice with rounded approeck edge
end sherp middle edge.
Pigure XII - Double-rounded nozzle.

Figure XXIV_ Arrengement for double-pressiire
type independent of each othrer,
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